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PREPARATION OF d-TYROSINE, ITS ACETYL DERIVATIVES, 
AND d-3,4-DIHYDROXYPHEN YLALANINE* 


Bry ROBERT RIDGELY SEALOCK 
(From the Department of Chemistry, Iowa State College, Ames) 


(Received for publication, June 18, 1946) 


In the continued investigation of the réle of ascorbic acid in the metabo- 
lism of tyrosine (1), relatively large amounts of the unnatural isomer of the 
amino acid, the acetyl derivatives, and the unnatural 3 ,4-dihydroxyphenyl- 
alanine were required. The preparation of d-tyrosine by resolution of the 
synthetic benzoyl derivative has been described by Fischer (2). Later 
Abderhalden and Sickel (3) reported the resolution of the formyl] derivative 
of tyrosine racemized by extensive treatment with strong sodium hydrox- 
ide. Since the acetyl compound was also desired, the convenient catalytic 
racemization procedure described by du Vigneaud and Meyer (4) should 
afford ready access to the inactive compound. Racemization in this case 
is accomplished by treatment of the sodium salt of the amino acid in 
aqueous solution with an excess of acetic anhydride, diacetyl-dl-tyrosine 
being obtained. This method is of additional value, for it permits the use 
of the readily available natural isomer. 

In preliminary tests the diacetyl-dl-tyrosine failed to yield satisfactory 
crystalline salts with /-brucine. In contrast, the N-monoacetyl-dl-tyrosine 
in absolute alcohol gave excellent yields of the salt of the dextro enantio- 
morph, a high degree of purity being obtained in the first crystallization. 
The preparation of the monoacetyl compound was accomplished by dissolv- 
ing the diacetyl derivative in sufficient sodium hydroxide to make the 
solution more alkaline than pH 8.5, as described by Herriott (5). Conse- 
quently, in the method finally evolved, the isolation of the diacetyl deriva- 
tive was omitted, the acetylation-racemization reaction being followed 
(after distillation of the excess acetic acid) with alkaline hydrolysis. N-Ace- 
tyl-di-tyrosine was then isolated in 90 to 95 per cent yield. 

The crystalline brucine salt after three or four recrystallizations from 
aleohol exhibited maximum rotation and was subsequently decomposed. 
The acetyl-d-tyrosine so obtained was then used as such or hydrolyzed to 
dtyrosine. Calculated on the basis of the racemic acetyl derivative used, 
over-all yields of 70 per cent were observed. 

From the mother liquors of the resolution procedure the brucine salt of 


*The work described in this paper was initiated while the author was at the Uni- 
versity of Rochester, Rochester, New York. 
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2 d-TYROSINE 


the levo isomer may be obtained by evaporation of the alcohol and crystal- 
lization of the residue from water. Such a procedure is of value only in 
special circumstances, as, for example, when excess of isotopic atoms have 
been introduced into the tyrosine molecule. In practice it has been found 
expedient merely to recover the tyrosine from the above mother liquors for 
purpose of reracemization and resolution. 

Preparation of the additional acetyl derivatives of /- and d-tyrosine was 
accomplished by standard procedures. N-Acetyl-l-tyrosine was made by 
the method described by du Vigneaud and Meyer (4), in which method the 
solution is maintained alkaline throughout the course of the reaction. The 
diacetyl-l- and diacetyl-d-tyrosine were prepared according to the diree- 
tions of Bergmann and Zervas (6) for the levo compound. However, con- 
sideration of the various procedures employed led to interesting conclusions 
concerning the acetylation of tyrosine. As du Vigneaud and Meyer (4) 
have demonstrated, the catalytic racemization of a-amino acids occurs in 
weakly acid solution in the presence of sodium acetate and acetic anhydride. 
In the case of tyrosine the racemic diacetyl derivative is formed. In con- 
trast, when the acetylation is performed in the presence of excess sodium 
hydroxide, the optically active N-monoacetyl compound is obtained as 
likewise described by these authors. The production of the diacetyl] in the 
one case and the monoacety! in the other is understandable on the basis of 
the method of Herriott (5), for in the more alkaline solution the O-acetyl 
group is removed as fast as it is formed. 

If this is true, then one would predict that the preparation of either the 
diacetyl-] or diacetyl-d compound is best carried out by acetylating tyro- 
sine with rigid control of the pH. By constantly maintaining the pH 
between 6.0 and 8.0, the diacetyl derivative should be obtained without 
racemization occurring. This proved to be the case, for several experiments 
in which the pH was maintained between these limits resulted in the produc- 
tion of the desired isomer completely free of the opposite form. 

For the sake of convenience a tabulation of the /- and d-tyrosines and their 
respective acetyl derivatives is presented. The bibliographic reference 
numbers in the final column (Table I) indicate previous descriptions of these 
compounds. 

The availability of d-tyrosine also has made it possible to prepare d-3 ,4- 
dihydroxyphenylalanine by the method used by Waser and Lewandowski 
(9) for the levo isomer. In this method tyrosine was nitrated in the 3 
position, reduced, diazotized, and subsequently converted to the dihydroxy- 
amino acid. By this means d-tyrosine likewise gave satisfactory yields of 
the desired dextro enantiomorph which agreed in its properties with those 
described by Harington and Randall (10). These authors obtained the 
unnatural isomer by resolution of the synthetic compound. 
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EXPERIMENTAL 


Preparation of N-Acetyl-dl-tyrosine—100 gm. of l-tyrosine were dissolved 
in 1120 ml. of N sodium hydroxide and 400 ml. of redistilled acetic anhy- 
dride were added in ten portions at 10 minute intervals with continuous 
stirring. The reaction mixture was allowed to stand in a water bath at 60- 
70° for 6 hours, after which the calculated amount of 6 N sulfuric acid ex- 
actly to neutralize the sodium hydroxide was added. In order to remove 
the acetic acid, this solution was distilled to a thick syrup in vacuo and 
again concentrated with two portions of water. The material soluble in wet 
acetone, after removal of the acetone by distillation in vacuo, was dissolved 


TABLE I 
Tyrosine and Acetyltyrosine Derivatives 


All melting points are corrected. Optical activity was measured with the D line 
of sodium. Following the specific rotation are the items of concentration, solvent, 
and temperature respectively. 





| 














| Nitrogen 
| analysis | Biblio- 
Derivative Formula |. | Melting | Optical rotation ete = 
—— 2% | % | erence 
< 3 | 3 | No. 
sie eu a Bok! 
ee] degrees pat pA 
L-Tyrosine....... CH.0.N 181) 10.6 (4%, N HCI, 22°) 7.73)7.74| 
d-Tyrosine....... |} « 181 '+10.3 (4% “  25°)|7.73/7.71) 
N-Acetyl-dl- = CuHyO.N-- (241) 94-950 5.81)5.85) 
(monohydrate). H.O ; | | 
N-Acetyl-I-......|CuHwO.N —_223)153-154) +47.3 (0.5%, Hz, 26°)|6.286.33) (4, 7) 
N-Acetyl-d-..... ee 223 153-154/—48.3 (0.5%, “‘ 25°)|/6.28/6.33 
Diacetyl-dl-......|C:sH,sO;sN ——(265/168-170) 0 '5.28/5.22) (4) 
Diacetyl-l-....... eee '265|171-172|+40.4 (0.5%, H2O, 27°)|5.28 5.19) (6, 8) 
Diacetyl-d-...... ‘i: 265)171-172|—38.7 (0.5%, “ 26°)/5.28)5.13) 





in 100 ml. of water for purpose of hydrolysis of the acetoxy group. 400 ml. 
of 2 x sodium hydroxide were added to adjust the reaction to pH 10 to 11. 
After 30 minutes at room temperature the calculated amount of 6 N sulfuric 
acid was added, and the mixture concentrated to a thick syrup. The 
acetyltyrosine was separated from sodium sulfate with wet acetone, and 
then crystallized from 300 ml. of water, 116 gm. being obtained. After 
concentration of the mother liquor and the removal of a second crop of 
crystals, the combined material weighed 120 gm. Samples dried in vacuo 
over phosphorus pentoxide at 65° lost 7.60 and 7.68 per cent respectively, 
Whereas 1 molecule of water of hydration is calculated as 7.47 per cent. A 
yield of 90.3 per cent was thus obtained. 











4 d-TYROSINE 


Resolution of Acetyl-dl-tyrosine—54.1 gm. of acetyl-di-tyrosine monohy- 
drate and an equimolar quantity (88.5 gm.) of anhydrous /-brucine were 
dissolved in 550 ml. of boiling absolute alcohol. The 75 gm. (54 per cent 
of the total amount) of impure brucine salt of acetyl-d-tyrosine which sepa- 
rated after remaining overnight or longer in the refrigerator were then 
recrystallized three or four times from 5 volumes of 95 per cent alcohol. 
From repeated resolutions in this fashion the pure salt was obtained in 
average yields of 75 per cent of the theoretical, calculated on the basis of 
anhydrous material. The air-dried material melting at 150—-155° (shrink- 
ing at 130°) when further dried in vacuo over phosphorus pentoxide at 100° 
was found to decrease from 7.85 to 10.6 per cent in weight. Consequently, 
all samples for analytical purposes were dried to constant weight under the 
above conditions. A 0.5 per cent solution of the anhydrous salt in 95 per 
cent alcohol gave [a]?° = —42.3°. Nitrogen analysis gave 6.76 per cent, 
as compared to the calculated value of 6.80 per cent. 

For purposes of reference, the brucine salt of acetyl-l-tyrosine was pre- 
pared. The original mother liquor was evaporated to dryness in vacuo, the 
alcohol being completely removed by three distillations with small portions 
of water. The residue was then recrystallized from 5 volumes of water. 
After two recrystallizations, the air-dried material, m.p. 110-112° with 
shrinking at 94°, represented 74 per cent of the theoretical and contained 
5.8 per cent moisture. A 1 per cent solution of the anhydrous salt in alcohol 
gave [a]? = +10.7°. 

Ordinarily the mother liquors obtained from the recrystallization of the 
d salt are used only for the purpose of recovering the brucine and tyrosine. 
The brucine salt is decomposed and the acetyltyrosine solution treated with 
hydrochloric acid. The free tyrosine is again subjected to the racemization 
procedure. 

Preparation of Acetyl-d-tyrosine—The brucine salt of acetyl-d-tyrosine 
was dissolved in 20 volumes of warm water and, after quickly cooling to 
approximately 40°, 2 N sodium hydroxide was added until the reaction was 
alkaline to phenolphthalein. The brucine was removed by filtration after 
12 hours in the cold and thoroughly washed with cold water. The com- 
bined alkaline filtrates were extracted five times with chloroform to remove 
traces of brucine. After addition of the calculated amount of 6 N sulfuric 
acid and evaporation to dryness, the acetone-soluble material was crystal- 
lized from 100 ml. of water. From 88 gm. of brucine salt 22 gm. of acetyl-d- 
tyrosine representing a 69 per cent yield were obtained. The mother liquor 
may be concentrated to obtain additional material, although in practice it 
has been preferable to hydrolyze the residue to free d-tyrosine. 

d-Tyrosine—The unnatural isomer has been obtained by suspending the 
crystalline acetyl derivative in 10 volumes of 5 N hydrochloric acid and 
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R. R. SEALOCK 5 
gently refluxing for 2.5 hours. The excess acid was removed by concen- 
trating in vacuo, and redistilling to dryness with three portions of water. 
The residue was dissolved in water, treated with norit, and free d-tyrosine 
precipitated by the addition of excess sodium hydroxide and sufficient acetic 
acid to make the solution just acid to litmus. By this method pure d-tyro- 
sine is obtained in 93 per cent yield. The over-all yield from the original 
tyrosine is thus 62 to 66 per cent. 

Diacetyl-d-tyrosine—Since acetylation of /-tyrosine in alkaline solution 
(pH > 8.5) yields N-monoacetyl-l-tyrosine and in acid solution (excess 
acetic anhydride) yields diacety]-dl-tyrosine, the following method was used 
to prepare either the dextro or levo diacetyl derivative. 

In a beaker placed in an ice bath, 15 gm. of d-tyrosine were dissolved in 
42.5 ml. of 2 N sodium hydroxide and 25 ml. of water. In the solution were 
suspended the extension electrodes of a Beckman pH meter and a motor 
stirrer. From a burette 24.0 ml. of acetic anhydride were added dropwise. 
From a second burette 2 N sodium hydroxide was also added dropwise and 
at such a rate that the reaction of the mixture was maintained between pH 
6and8. The ice bath was then removed and the reaction mixture allowed 
to stand at room temperature for 30 minutes. 6 N sulfuric acid exactly to 
neutralize the sodium hydroxide was added, and the filtered solution imme- 
diately taken to dryness in vacuo. The diacetyl-d-tyrosine was obtained 
in crystalline form by acetone extraction and solution in water. 16.5 gm. 
(75 per cent), melting at 172°, were obtained. 

In the case of the levo isomer, this method yielded a final product which 
exhibited the properties described by Bergmann and Zervas (6) and Berg- 
mann and Stern (8). 

d-3 ,4-Dihydroxyphenylalanine—d-Tyrosine was nitrated in the 3 position 
by the method of Waser and Lewandowski (9), the free amino acid being 
obtained in maximum yields of 55 per cent. At slightly lower temperature 
of reaction Johnson and Kohmann (11) have reported 65 per cent yields. 
In the subsequent reduction and conversion to the hydroxy compound (9) 
maximum yields of 68 and 85 per cent respectively have been obtained. 
Over-all yields of 32 to 38 per cent are thus readily achieved. 


SUMMARY 


The preparation of d-tyrosine from the readily available natural isomer 
has been accomplished by catalytic racemization with acetic anhydride in 
aqueous solution and resolution of the N-acetyl-dl compound with brucine. 

A method of preparing the diacetyl-l-tyrosine or diacetyl-d-tyrosine is 
described. By use of continuous pH control, racemization on the one hand 
and formation of the monoacety] derivative on the other have been avoided. 
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The acetyl derivatives of tyrosine and certain characteristic properties of 
them have been tabulated. 

From d-tyrosine, d-3 ,4-dihydroxyphenylalanine has been prepared by 
methods previously recorded in the literature for the preparation of the 
natural isomer. 
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STRUCTURAL SPECIFICITY OF TYROSINE IN RELATION TO 
THE METABOLIC ACTION OF ASCORBIC ACID* 


By DANIEL H. BASINSKIt anp ROBERT RIDGELY SEALOCK{ 


(From the Department of Vital Economics, The University of Rochester, Rochester, 
New York) 


(Received for publication, July 16, 1946) 


In previous publications, it has been established that the metabolic 
handling of the amino acids phenylalanine and tyrosine by the guinea pig 
is dependent on an adequate intake of ascorbic acid (1,2). The premature 
infant exhibits the same dependence upon a sufficient quantity of the vita- 
min, since in a state of deficiency intermediate compounds in the oxidation 
of these aromatic amino acids appear in the urine, as Levine and his asso- 
ciates (3, 4) have demonstrated. Phenylpyruviec acid follows the same 
metabolic pathway as the amino acids when fed to the vitamin C-deficient 
guinea pig (2). In contrast, p-hydroxyphenylpyruvic acid is readily me- 
tabolized in spite of a marked state of scurvy (2). 

This striking and unexpected difference in the metabolic behavior of such 
closely related compounds suggests that the step in the metabolic chain of 
events at which vitamin C exerts its effect may be determined by the use 
of properly substituted phenylalanine and tyrosine derivatives and inter- 
mediates. 

In the experiments described here, the immediate objective has been 
the modification, one at a time, of each characteristic feature of the original 
amino acid structure and the subsequent evaluation of metabolic behavior 
in the scorbutic guinea pig. The specificity of the levo configuration of the 
a-carbon has been studied by feeding the unnatural isomers, d-phenyl- 
alanine and d-tyrosine. The importance of the free amine group has been 
tested by using the N-acety] derivatives of the natural or levo forms. For 
further comparison diacetyl-l-tyrosine has been included. Feeding of 
p-methoxyphenylalanine, containing the highly stable methyl ether linkage, 
has permitted examination of the réle of the para position in the aromatic 
nucleus. The influence of modification of the alanine side chain has been 
determined by feeding the next higher homologue, phenylaminobutyric 


* The data in this paper were taken from a thesis submitted by D. H. Basinski to 
the Graduate School of The University of Rochester in partial fulfilment of the re- 
quirements for the degree of Doctor of Philosophy. 

Presented before the annual meeting of the American Society of Biological Chem- 
ists at Atlantic City, New Jersey, March 11-15, 1946 (Federation Proc., 5, 121 (1946)). 

t Present address, Department of Chemistry, State University of Iowa, Iowa City. 

t Present address, Department of Chemistry, Iowa State College, Ames. 
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8 TYROSINE METABOLISM 


acid, and the thiomethylene analogue, S-benzyleysteine. In order to 
facilitate further analysis of these results in the light of previous results 
illustrative experiments with phenylalanine, tyrosine, phenylpyruvic acid, 
and p-hydroxyphenylpyruvic acid are included. The structural relation- 
ships to which reference has been made are indicated in the accompanying 
chart of compounds, the specific feature under examination being marked in 
each case with an asterisk. 


CH,-CH-NH,-COOH HO< SCH,-CH-NH:-COOH 


l- or d-phenylalanine l- or d-tyrosine 


* + 
< _en:-6:0-coon HO oH,-6:0-Coon 


Phenylpyruvic acid p-Hydroxyphenylpyruvic acid 


€  cH,-cH.coon Hoc >CH,-CH-COOH 
| | 


NH-COCH, NH-COCH, 
* — 


Acetyl-l-phenylalanine Acetyl-l-tyrosine 





— 
CH;0<¢ >CH,-CH- NH,- COOH 


l-Methoxyphenylalanine 


* 
€ _ Doli,-cH,-ci-NH.coon 


dl-Phenylaminobutyric acid 


* 
CH.CO-0€ —cH,-CH-CooH 
| 


NH-COCH; 


Diacety]-l-tyrosine 


+ 
<> ¢ths-8-CH,-CH-NH,-COOH 


l-S-Benzyleysteine 





EXPERIMENTAL 


In this study male guinea pigs weighing 300 to 500 gm. were used. They | 


were fed a basal diet of ground Purina rabbit chow (complete ration) which 
had been exposed to the air in thin layers and thus rendered almost entirely 
free of vitamin C. The compounds under investigation were administered 
as a 10 per cent mixture in the basal diet, layered over additional basal diet 
so that each day’s supplement would be entirely consumed. Quantities of 
these 10 per cent mixtures to furnish 2.76 mM were used so that the amount 
of compound fed was equivalent to 0.5 gm. of tyrosine, unless otherwise 
indicated. Vitamin requirements (exclusive of ascorbic acid) were assured 
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D. H. BASINSKI AND R. R. SEALOCK 9 


by weekly administration, per os, of 0.5 ml. of cod liver oil and daily addi- 
tion of 0.9 gm. of dried brewers’ yeast scattered over the food. 

The daily urine samples were collected in glass jars containing 2 N hydro- 
chloric acid and were analyzed immediately after filtration and dilution. 
The methods of analysis used were those previously employed (2) with the 
exception that the photoelectric colorimeter was used. 


TaBLe I 
Summary of Urinary Values 
Each value represents the daily average for the period indicated. The yield of 


excreted metabolite is calculated on the basis of the amount of compound fed. 
The tyrosyl value is determined with tyrosine as the standard and is calculated as 


mg. of tyrosine. 





























— i pore Excretion values 
Compound amount | days | acid 

7 eas Yield value Yield 
gm. mg. meg. Ss mg. mal 
|-Phenylalanine 0.467 4 164 32.2 | 196 38.3 

0.953 2 10 11 1.0 0 0 
0.814 2 141 15.9 | 156 17.5 
|-Tyrosine 0.5 4 110 22.0 | 180 36.1 
0.5 1 20 60.0} 12.0) 100 20.0 
0.5 2 20 4.7 0.9 | 31.3 6.3 
0.5 2 67.8 | 13.6 | 113 22.6 
d-Tyrosine 0.5 7 50.4) 10.1 | 105 21.0 
0.5 5 20 47.9 9.6 | 135 27.0 
" 0.5 7 37.6 | 7.5 | 120 24.0 
0.5 5 20 26.9; 5.4) 114 22.8 
sg 0.5 3 55.8 11.2 | 162 32.4 
0.5 3 10 33.3 6.7 | 166 33.2 
0.5 3 20 | 17.1 3.4 | 126 25.2 
» with 0.232 gm.| 0.5 3 43.7 8.7 | 138 27.6 
NaHCO; 0.5 3 10 30.3 6.1 | 141 28.2 
0.5 3 20 22.7 4.5 | 133 26.6 
d-Phenylalanine 0.456 5 45.3) 10.0) 21.3 4.2 
0.456 + 20 44.2 9.8; 21.8 4.4 
> 0.456 5 54.4) 12.0) 23.3 4.7 
0.456 4 20 49.0; 10.7) 23.8 4.8 














The compounds fed were prepared by standard procedures and were 
extensively purified in order to remove as completely as possible impurities 
which might interfere with their consumption. d-Phenylalanine was ob- 
tained by the resolution of the synthetic dl-phenylalanine by the method 
of Fischer and Schoeller (5) as modified by du Vigneaud and Meyer (6). 
d-Tyrosine was prepared by the resolution of the racemic acetyl derivative 
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(7). Reference to the preparation of the other acetyl derivatives may be 
found in the same paper (7). The method of Behr and Clarke (8) applied 
to the crystalline acetyl-l-tyrosine yielded -methoxyphenylalanine. The 
a-keto acids were prepared by the method of Herbst and Shemin (9) and 
benzyleysteine by the liquid ammonia procedure of du Vigneaud, Audrieth, 
and Loring (10). Phenylaminobutyric acid was kindly supplied by Pro- 
fessor du Vigneaud and was fed as the racemic compound. 

The positive action of ascorbic acid in controlling the metabolism of 
tyrosine and phenylalanine is indicated in Table I. These illustrative 
experiments, as previously recorded, show the appearance of metabolites 
in the urine in the scorbutic state and the prompt disappearance from the 
urine when ascorbic acid is administered. These two features of the com- 
plete picture should be kept in mind in considering the results obtained 
with the feeding of related compounds. 

In contrast, when d-tyrosine is fed to the scorbutic animal, approximately 
10 per cent appears in the urine as the corresponding a-keto acid and some- 
what more as the phenolic compound (tyrosyl value). Of greater impor- 
tance is the fact, however, that ascorbic acid produces no alteration of these 
relatively small values even though given in daily quantities of 20 mg. 
These two facts together must be interpreted as signifying that the vitamin 
exerts its effect only in the metabolism of the natural isomer. Or in other 
words, with the opposite configuration of the a-carbon, the structure of the 
compound is such that it is metabolically handled without regard to the 
state of vitamin C nutrition. 

The significance of the levo configuration is emphasized by the entirely 
similar results obtained when the unnatural d-phenylalanine is fed. Again, 
10 per cent appears as keto acid value in the scorbutic state and almost 
none (only 4 per cent) is excreted as tyrosyl value. Just as in the case of 
the d-tyrosine experiments, the administration of ascorbic acid produces no 
change in the daily excretion of metabolic intermediates. These points 
are demonstrated in Table I. Consequently, one must conclude, on the 
basis of the results obtained by this experimental method, that vitamin C is 
primarily concerned in metabolic reactions involving the naturally occur- 
ring forms of these two amino acids. 

That the vitamin C action is even more limited is indicated by the results 
obtained when the compounds listed in Table II are fed. Whereas phenyl 
pyruvic acid metabolism is vitamin C-dependent, p-hydroxyphenylpyruvic 
acid, as far as urinary analysis is able to show, is metabolized by the scor- 
butic animal with very little excretion of intermediate products. One 
experiment with each compound is included from a previous report (2) for 
purpose of comparison. 

Likewise, when the amino group is acetylated, the molecule is no longer 
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Tas_e II 
be Summary of Analytical Results 
1 
The | Each value represents the daily average for the period indicated. The yield 
of excreted metabolite is calculated on the basis of the amount of compound fed. 
nd The tyrosyl value is determined with tyrosine as the standard and is calculated as 
th, mg. of tyrosine. 
To- atthe 
= | er iaiitte | Excretion values 
of Compound ommunt = ould ‘ | ‘Sew | |p ae 
5 ae | | acids | Yield | “JMy"| Yield 
lve | | } | 
io pm ff ome | ome iy] me | a 
. Phenylpyruvic acid | 0.604) 7 | 185 | 24.3| 128 | 16.7 
a | 0.795; 5 | 10 | 101 | 12.7} 0 0 
ned | oss} 6 | (146 =~ «(«16.0| 79 8.6 
Hydroxyphenylpyruvic | 1.00 5 | 33.8 | 3.4 | 151 15.1 
de acid | 1.06 2 | 10 | 55.4} 5.2 | 176 16.6 
mes | 1.44 2 | 55.5 | 3.9 | 237 16.5 
, N-Acetyl-l-phenylalanine | 0.572 | 5 | 8.5 | 1.9 {| 22.8 4.6 
or | 0.872; 4 | 2 7.7); 1.7] 24.4] 4.9 
ese N-Acetyl-l-tyrosine | 1.08 | 9 | 2.1/ 0.3 / 128.0} 14.6 
ng. | 0.97 5 10 | 2.6) 0.3] 152.0} 19.3 
sin es | 0.616; 7 | 5.3) 1.1) 49.8] 10.0 
age 0.616 5 20 6.1| 1.2) 74.2] 14.8 
“ | 0.308; 7 | 5.4/ 2.1] 48.8] 19.8 
the | 0.365; 3 | 20 | 5.1] 1.7] 52.6 | 17.8 
the a |} 1.00; 8 | | 4.4] 05/110 | 13.5 
} uaz | 38 | 2 | 4.9) 0.5) 134 | 141 
ly “ | 0.717) 8 | | 2.3] 0.4] 65.7 | 11.3 
Ps 0.930 5 | 10 3.4| 0.5 | 93.8] 12.4 
ie “ with | 0.616) 7 | | 5.8] 1.2] 44.7] 8.9 
ost 0.232 gm.NaHCO; | 0.616; 5 | 20 | 7.3) 1.5/ 72.7| 14.5 
> of Diacetyl-l-tyrosine | 0.782 | 5 | | 5.1) 0.7/ 80.2) 11.7 
no | o7z| 4 | 2 | 48! 07 | 76.8 | 11.2 
nts |-p-Methoxyphenyl- 0.539; 4 | 129 | 28.5) 26.4 5.3 
the | alanine | 0.539] 4 20 | 88.5 19.5) 21.3) 4.3 
Fer “ | 0.467 4 | 79.4} 17.0) 16.5| 3.8 
ac | 0.356; 5 | 20 | 76.2| 23.1| 15.6] 4.7 
ur- | ’ | 0.500, 4 | 65.9) 15.6) 27.2 | 5.9 
| | 0.500; 5 20 47.8] 11.4] 35.5| 7.6 
ilts | 0.500; 2 | 36.3) 8.6) 32.8) 7.1 
a 0 | 0.505 | 6 | | 91.3) 21.5) 21.8 | 4.7 
“" 0.539' 5 | 20 | 136 30.0/ 21.8/ 4.3 
vie d-Phenylaminobutyric | 0.500) 2 | 153 | 32.2; 0O | 0 
20r- acid 0.500; 6 | 18 | 182 | 28.7}; 0 0 
ne |8-Benzylcysteine | 0.473; 3 | 74.3| 22.0} 0 0 
for | 0.500) 3 | 20 | 77.0) 19.8) 0 0 
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under the control of vitamin C, as the values in Table II show. It must 
be pointed out that one could have expected the acetyl group to be removed 
by hydrolysis in the intestine. Had this occurred, however, the results 
would have been essentially the same as those obtained in the feeding of the 
free amino acid. The results are distinctly different; therefore hydrolysis 
must not have occurred and thus the results obtained clearly demonstrate 
the importance of the free amino group in the course of the metabolic 
processes controlled by the vitamin. The excretion values with both 
acetyl-l-tyrosine and acetyl-l-phenylalanine are extremely low in both the 
vitamin C-free and vitamin C-supplemented periods, as may be seen in 
Table II. 

The inherent structure of tyrosine permits further evaluation of essential 
structural features, for the phenolic hydroxyl group may also be acetylated. 
As shown in Table II, the feeding of diacetyl-/-tyrosine led to entirely nega- 
tive results as far as dependence upon the vitamin is concerned. The 
results summarized in Table IT do not permit complete distinction between 
the compound and N-acetyl-l-tyrosine, for hydrolytic cleavage of the O- 
acetyl group cannot be entirely eliminated. The same question, however, 
may be examined by the use of a compound in which the para position is 
substituted with a group believed to be considerably more stable under 
physiological conditions. The feeding of /-p-methoxyphenylalanine (Ta- 
ble IT) resulted in the excretion of around 20 per cent of the fed compound 
as a-keto acid but the administration of ascorbic acid did not affect the 
amount excreted. The tyrosyl values at the same time were very low 
(basal values) in both periods. Consequently it must be concluded that 
the introduction of the methyl group alters the original amino acid struc- 
ture sufficiently so that it no longer participates in the series of reactions 
regulated by the vitamin. 

It should be pointed out that in these experiments the p-methoxyphenyl- 
pyruvic acid proved to be so insoluble that it crystallized from the urine. 
By rinsing the collecting funnel and jar with alcohol it was returned to solu- 
tion for purpose of analysis. The 20 per cent referred to above and in 
Table II therefore includes the total amount excreted. The marked in- 
solubility of the compound made it possible to isolate, purify, and identify 
it by chemical means. 

Further modification of the amino acid molecule is made possible by 
lengthening the side chain and the interpolation of a thiomethylene group 
in the side chain, as represented in the compounds phenylaminobutyri¢ 
acid and l-S-benzyleysteine, respectively. In each case the conversion of 
the compound to keto acid which amounted to 15 to 30 per cent was un- 
affected by administration of vitamin C to the scorbutic guinea pig. Ex 
amination of Table II also shows that no significant production of phenolic 
compound occurred. 
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DISCUSSION 


By means of urinary analysis, results have been obtained which clearly 
point to a very selective action of ascorbic acid in connection with the 
metabolism of phenylalanine and tyrosine. Only these two amino acids 
and phenylpyruvic acid have shown any dependence upon the intake of 
ascorbic acid. All of the others which represent various modifications of 
the original amino acid structures proved to be completely independent of 
the state of vitamin C nutrition. Additional emphasis to this conclusion 
is available in a consideration of the analytical methods employed. The 
three methods chiefly used permit detection of alterations in the urinary 
content of ketone compounds (2 ,4-dinitrophenylhydrazine), phenolic sub- 
stances (Bernhardt-Millon), and reducing molecules (acid phosphomolyb- 
date). In addition extensive fractionations have been utilized in an 
effort to find compounds which might have escaped the reactivity of the 
analytical reagents. 

The modification of structure, a single feature at a time, which produced 
metabolically vitamin-independent compounds included each of the more 
obvious component parts of tyrosine. Represented were the levo configu- 
ration of the a-carbon, the unsubstituted amine radical, the unsubstituted 
para position in the benzene nucleus, and the characteristic alanine side 
chain. In addition, the a-keto acid which is produced by the oxidative 
deamination of tyrosine exhibited no dependence upon ascorbic acid in the 
intact guinea pig. 

The results obtained with the phenylalanine and tyrosine derivatives 
may be regarded, in one light, as being negative. They have, however, 
guided the problem into a more direct attack; namely, the study of specific 
tissues and their ability to oxidize tyrosine when supplied with adequate 
and inadequate quantities of the vitamin in question. The results so far 
obtained (11) and the subsequent application of the in vitro method already 
promise a more complete understanding of the findings described in this 
instance. 


SUMMARY 


A series of phenylalanine and tyrosine derivatives has been fed to scor- 
butic guinea pigs with and without ascorbic acid supplementation. 

The compounds used were d-tyrosine, d-phenylalanine, N-acetyl-l- 
phenylalanine, N-acetyl-l-tyrosine, diacety]-l-tyrosine, l-p-methoxyphenyl- 
alanine. dl-phenylaminobutyric acid, and [-S-benzylcysteine. Each rep- 
resents a specific modification of the original amino acid structure. 

The values reported for daily urinary excretion of keto acid and phenolic 
(tyrosyl) values for each compound have exhibited no correlation with the 
state of ascorbic acid nutrition. With this method of study it then may be 
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concluded that each is metabolized by the guinea pig independently of 
ascorbic acid. 

Added emphasis has thus been given to the previously recorded finding 
that /-phenylalanine, phenylpyruvic acid, and /-tyrosine are the compounds | 
exhibiting an ascorbic acid-dependent metabolism. 
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REMOVAL OF PLASMA PHOSPHOLIPIDES AS A FUNCTION OF 
THE LIVER: THE EFFECT OF EXCLUSION OF THE LIVER 
ON THE TURNOVER RATE OF PLASMA PHOSPHOLIPIDES 
AS MEASURED WITH RADIOACTIVE PHOSPHORUS 


By C. ENTENMAN, I. L. CHAIKOFF, anv D. B. ZILVERSMIT 
(From the Division of Physiology, University of California Medical School, Berkeley) 


(Received for publication, May 28, 1946) 


Although the reaction involving the incorporation of inorganic phosphate 
into phospholipides is not restricted to any one tissue (surviving slices of 
liver, kidney, brain, spinal cord, small intestine, and muscle (1) have been 
shown to effect this reaction), the phospholipides contained in plasma are 
synthesized mainly by the liver (2). This function of the liver in the 
formation of plasma phospholipides was demonstrated by comparing the 
rates at which labeled inorganic phosphate introduced into the blood stream 
is converted to labeled plasma phospholipides by the normal and the liver- 
less dogs; negligible amounts of labeled phospholipides were recovered in 
the plasma of the latter as late as 6 hours after excision of the liver (2). 

The present investigation deals with another phase of the metabolism of 
plasma phospholipides; namely, their removal as measured by the rate at 
which intravenously introduced, labeled (such as radioactive) phospho- 
lipides disappear from the blood stream. 


EXPERIMENTAL 


Preparation of Labeled Plasma Phospholipides—The method used here for 
obtaining radioactive plasma phospholipides has been described elsewhere 
(3). Each of the donor dogs received by stomach tube 2 to 3 millicuries of 
radioactive inorganic phosphate. Blood was removed from the dogs 20 to 
30 hours later, treated with heparin, and the plasma separated by centrifu- 
gation. This plasma, which contained the radioactive phospholipides, was 
injected intravenously into dogs and the rate of disappearance of the labeled 
phospholipides from their plasma measured. 

Preparation of Animals—The dogs used in this study were maintained for 
about 3 weeks on a stock diet, the composition of which has been described 
elsewhere (4). After being fasted for 24 hours they were eviscerated in the 
following manner: Each dog was anesthetized with ether and injected with 
1 mg. of atropine sulfate to inhibit salivation. The abdominal cavity was 
opened and the inferior mesenteric artery ligated and severed. Two clamps 
Were applied to the lower end of the pelvic colon and the gut severed be- 
tween them. The celiac axis was exposed, its arteries clamped, and their 
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connections with the gastrointestinal tract severed. The portal vein was 
cut in a similar manner. The esophagus was clamped just below the 


diaphragm and the entire gastrointestinal tract removed from the ab. | 


dominal cavity, but the liver was left in situ. A towel wet with saline was 
placed in the cavity and the abdominal cavity closed. The entire pro. 
cedure as a rule occupied less than 15 minutes. After recovery from the 


anesthetic the dogs behaved normally and were in no apparent pain. Blood | 


was removed for analyses at various intervals throughout the experiment, 

It should be noted that the eviscerated animals showed no symptoms of 
shock. They walked around and behaved in a normal manner. Hemato- 
crit readings, obtained each time that blood samples were taken, did 
not deviate from the normal. Such observations are in agreement with 
those of other investigators (5). 

Analytical Procedures—The methods employed for determination of 
phospholipide P* and phospholipide P* have been described elsewhere (3). 
Total fatty acids and cholesterol were determined by oxidative methods (6). 


Results 


The liver of the eviscerated dog, although it received no blood by way of 
the portal vein or hepatic artery, is left in situ. Several investigators have 
pointed out that in such a preparation the liver is not completely excluded 
from the circulation (7). In order to test the functional significance of the 
residual circulatory connections of the liver of the eviscerated dog, its 
capacity to contribute phospholipides to plasma was investigated. 

Test of Evisceration—Eight dogs were eviscerated and immediately there- 
after injected intravenously with radioactive inorganic phosphate. Each 
dog received 10 cc. of an isotonic solution of NazHPO, containing 2 
millicuries of radioactive phosphorus. Blood was removed from the 
animals at intervals of 4 to 9 hours after the radiophosphorus had been 
introduced into the circulation, and radiophospholipides of the plasma 
determined. It is apparent from Table I that the quantity of radio- 
phospholipides in the plasma of the eviscerated dog is negligible as com- 
pared with that previously observed in normal dogs (8). Since plasma 
phospholipides are synthesized in the liver, it may be concluded that any 
circulation of the liver remaining after the portal vein and hepatic artery 
are severed is of little significance so far as the synthesis of plasma phos 
pholipides is concerned. 





Effect of Evisceration on Lipide Content of Plasma—The effect of eviscera- | 


tion upon the concentration of phospholipides, total fatty acids, and 
cholesterol in plasma is recorded in Table I. In each dog the level of each 


lipide constituent was measured immediately before and at one or more | 


intervals after evisceration. 
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No appreciable decrease in the concentration of phospholipides occurred 


















































In w : . * ; 
- “ in any of the eight dogs examined. The maximum difference between the 
e ab. | values found before and after evisceration did not exceed 12 per cent. 
o th The levels of total fatty acids in the plasma were also unaffected by 
© pro- | evisceration. In seven of the eight dogs the values for total fatty acids 
po TaBLe I 
ment ) Plasma Lipides of Eviscerated Dog (with Hepatic Artery Severed) 
ms of The lipides are expressed as mg. per 100 cc. of plasma. 
mato- l Specific 
Cholesterol Total pect 
; Hrs. af Total |Phospho- 
a, did Dog No. A... A oaniden | iy lipides lipide of PLP 
; with Total | Free | Ester xX 108 
keg. | 
on of EV3t | 12.5 | Before | 206 | 72 | 134 | 535 | 741 | 385 
e (3) 4.5 | 204 | 8! | 123 542 746 368 
6), | 9 | 202 | 77 | 125 | 580 | 782 | 388 0.20 
8 (6) EV5t | 8.5 | Before (173 | 80 | 93 | 515 | 688 | 334 
| 5 | 152 | 80 | 72 | 535 | 687 | 314 
| 7.5 |165 | 81 | & 535 700 319 0.45 
ay of EV6é | 8.8 | Before | 271 | 67 | 204 | 440 | 711 | 375 
hes | 4.5 | 262 | 63 | 199 | 480 | 742 | 345 
huded 8 223 67 | 156 525 748 363 0.35 
EV7 | 11.7 | Before | 115 38 77 306 421 206 
f the | 3.5 | 113 | 53 | 60 | 440 | 553 | 187 
z, its 4.75 103 46 57 295 398 180 0.21 
EV10t | 8.0 Before | 188 63 | 125 417 605 281 
hate | 10 196 | 63 | 133 | 397 | 593 | 253 | 0.13 
Each 3-46 18.2 Before | 108 48 60 298 406 172 
5 93 25 68 324 417 158 0.18 
ng 2 350A | 10.0 | Before | 154 | 45 | 109 | 424 | 578 | 270 
the 5 146 | 44 | 102 | 427 | 573 | 250 0.16 
been ' 3-50B 9.0 Before | 174 65 | 109 408 582 300 
una 4 169 | 81 | 88 | 354 | 523 | 284 | 0.17 
adio- * PLP refers to phospholipide phosphorus, r. u. to radioactive units as determined 
com- by the Geiger-Miiller counter. Specific activity is calculated as r. u. PLP®:mg. 


isma_ ~=Cfsé«éPL@LP™ ,- the PLP *? being expressed as a percentage of the injected P®. 
t Received intravenously 2 gm. of glucose in 25 cc. of isotonic saline every hour 


any follow; ; - 
tery ' olowing evisceration. 
hos- | , : ‘ - : 
observed after evisceration were either the same as, or slightly higher 

aie | than, the corresponding preoperative values (Table I). The concentration 
aa of total fatty acids found in the plasma of Dog 3-50B 4 hours after eviscera- 
ach tion is about 15 per cent lower than the preoperative value. 
eC: 7 . . 

| No demonstrable change in ‘he level of either free or ester cholesterol 


nore ; ; 
| Was produced by evisceration. 
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Disappearance of Injected Radiophospholipides from Plasma of Eviscerated Dogs 


PLASMA PHOSPHOLIPIDES IN LIVER 


TaBLe II 


(with Hepatic Artery weineeen 
































Dog Body as R. u.t PLP® Mg. PLP# Specific Turnover time of 
No. weight _PLP® per cc. per ce. activity of hospholipide before or 
injection plasmat plasma PLP, X 10% aiter evisceration (min,)t 
keg. | ae 
1 9.0 (Eviscerated) 
45 | 795 0.122 50 
180 597 0.106 ).62 
300 21 0.104 5.00 
360 475 0.108 4.40 After 920 
2 8.7 55 6 || (1156 0.073 15.8 
60 (Eviscerated) 
| 90 | 1140 | 0.073 | 15.7 
185 | 1028 0.073 14.1 
| 270 | 1030 0.073 14.1 
| 345 =| 1000 | 0.071 14.1 After 10,000 
| | a eer a 
3 6.8 | 55 1540 | 0.167 9.21 
| 60 (Eviscerated) | 
| 7 | 180 | 0.173 8.90 
| 175 127 0.176 7.22 
| 255 1188 0.173 6.85 
330 1010 | 0.176 5.74 After 640 
4 6.5 90 | 0.117 5.00 
100 eel 
110 ~— si — | 0.117 4.92 | 
170 0.116 4.85 
230 | - | 0.116 4.65 
290 | 527 | 0.115 4.58 After 2500 
5 | 78 eo .4 | 0.110 5.40 
105 (viseated 
M5 | | 0.107 5.47 
175 | = | 0.105 5.22 
250 | 530 | 0.105 5.07 | After 2000 
j 
6 8.7 40 | 517 0.074 7.03 | Before 380 
9% | 367 0.062 5.95 
180 | 847 | 0.072 4.86 
185 (Eviscerated) | | 
210 | 380 | 0.078 4.44 
255 | 348 | 0.078 4.35 
315 273 «| «(0.067 4.12 
375 268 | 0.065 | 4.18 After 2250 
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TasBLe II—Concluded 
































Bod Mins. after | R.u.t PLP® Mg. PLP# | Specific | Turnover time of plasma 
: _PLP#* | per cc. perce. | activity of hospholipide before or 
No. weight injection plasmat plasma | PLP, X10-*| after evisceration (min.)t 
ath kg. | 
7 | 15.0 60 | 1080 | 0.181 | 8.78 | Before 420 
| 125 940 0.123 | 7.64 | 
| ao {| 3 ) om) che 
| 215 (Eviscerated) | 
| 265 | 733 | 0.119 | 6.16 
| 305 | 686 | 0.112 | 6.12 | 
| | 370 | 667 | 0.112 | 5.95 | 
| 430 | 665 | 0.1138 | 5.89 | After 3400 
s|is0 | 50 | 870 | 0.120 | 7.25 | — Before 410 
145 734 | 0.126 5.82 | 
| 215 | 630 | 0.131 | 4.81 | 
| 220 (Eviscerated) | 
| | 275 | 600 | 0.123 | 4.87 | 
| 340 585 | 0.123 | 4.75 | 
| | 415 | 540 | 0.125 | 4.31 | After 4750 
} | | 
9 | 7.0 60 | 2575 | 0.124 | 20.8 | Before 580 
| 120 | 2180 | 0.126 | 17.2 
| ‘180 2100 | 0.128 | 16.4 
| 185 (Eviscerated) 
| 265 | 2090 | 0.128 16.3 
| 825 2050 0.127 | 16.2 
| 385 | 2030 | 0.127 | 16.0 After 9500 





* PLP refers to phospholipide phosphorus. 

t Radioactive units as determined by the Geiger-Miiller counter. The specific 
activity is calculated as the ratio of r. u. PLP®*:mg. PLP*!. 

t The turnover time is defined as the time required for the disappearance of an 
amount of plasma phospholipide equal to that present in the plasma (3). 


Phospholipide Turnover Time—Since in the absence of the liver labeled 
plasma phospholipides were not synthesized from injected P®, the finding 
that the level of this plasma lipide remained constant in the liverless dog 
Suggests that in the latter the removal of plasma phospholipides had 
practically ceased. To test this point, evisceration and severance of the 
hepatic artery were carried out in nine dogs (Table II). Before eviscera- 
tion all nine dogs received intravenously plasma containing radioactive 
phospholipide. The changes that occurred in phospholipide P® and 
phospholipide P*' with time are recorded in Table II. The turnover time 
for plasma phospholipide, 7.e. the time required for the disappearance of an 
amount of plasma phospholipide equal to that present in the plasma, was 
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calculated after the manner described elsewhere (3), and the values shown 
in Table IT. 

In the first five dogs (Table IT) the radiophospholipide was injected just 
before evisceration; it was therefore possible to obtain measures of turnover 


TaB_e III 


Disappearance of Injected Radiophospholipides from Plasma of Eviscerated Dog 
(with Hepatic Artery Intact) 




















Mins. after | R.u.t PLP®# | Mg. PLP® Specific Turnover time of 
Re | ee | RE | is | se e| Sees 
—— ea aS a ee 
| keg. | 
10 | 19.0 45 690 0.102 6.76 | Before 280 
75 620 | 0.103 6.08 | 
107 585 | 0.101 | 5.73 
130 (Eviscerated) | 
135 604 | 4.54 
195 502 | 3.78 | 
263 416 aoe. | 
315 409 0.133 | 3.07 | After 280 
| 
11 12.5 43 713 0.133 5.48 Before 430 
| 74 705 5.41 
105 632 0.127 4.85 
135 (Eviscerated) 
140 651 0.140 4.65 
205 557 0.140 4.29 
260 444 0.140 3.17 
335 404 0.145 2.88 After 430 
12 15.0 42 822 0.100 7.98 Before 350 
75 746 0.103 7.25 
135 630 0.104 6.11 
150 (Eviscerated) 
157 630 0.107 6.00 
217 490 4. 
280 402 0.106 3.82 
| 337 364 0.103 3.47 After 350 




















* PLP refers to phospholipide phosphorus. 
t Radioactive units as determined by the Geiger-Miller counter. 
t Specific activity is calculated as the ratio of r. u. PLP*:mg. PLP™. 


times only for the interval after evisceration. 
though much higher than normal, varied considerably. 
made it desirable to compare the turnover time of plasma phospholipides 
in the same dog before and after evisceration. This was done in the last 
four dogs in Table IT. 


The values obtained, even | 
This variability 


The values found for turnover time in these four | 
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dogs before evisceration fell within the range reported earlier (8); they were 
respectively 380, 420, 410, and 580 minutes. Following evisceration the 
values increased to 2250, 3400, 4750, and 9500 minutes, respectively. 

It is evident from the above data that in the eviscerated dog the turnover 
of plasma phospholipides practically stops. In this type of preparation, 
the entire gastrointestinal tract is excised and the liver excluded from the 
circulation. In order to determine whether this impaired turnover results 
from the removal of the liver or from the removal of the gastrointestinal 
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Fig. 1. Semilogarithmic plot of the specific activities of phospholipide phosphorus 
against time. @= Dog7 (Table II); O = Dog 10 (Table III); - - - - = the average 
of three normal] dogs (3). 























tract or from both, the following experiment was carried out: Three dogs 
were injected with plasma containing radioactive phospholipides, and 
130 to 150 minutes later were eviscerated in the manner previously de- 
scribed, with the exception that the blood supply to the liver via the hepatic 
artery was not interfered with. The changes in the phospholipide P® and 
phospholipide P* content of plasma in these dogs and the turnover times 
are presented in Table III. The data demonstrate clearly that, if the 
arterial blood supply to the liver is intact, the complete removal of the 
gastrointestinal tract, pancreas, spleen, etc., has no effect on the rate of 
disappearance of plasma phospholipides. 

Fig. 1 shows a plot of the specific activities of plasma phospholipide 
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phosphorus on a logarithmic scale against time. The curves were drawn 
from data obtained for (1) the average of three normal dogs (3); (2) an 
eviscerated dog (Dog 7, Table II) in which the liver was deprived of blood 
supply from portal vein and hepatic artery; (3) an eviscerated dog (Dog 10, 
Table III) in which the blood supply to the liver via the hepatic artery was 
left intact. The disappearance of labeled phospholipides from the plasma 
of the normal dog proceeds at a constant rate throughout the 5 hour experi- 
ment. So long as the blood supply to the liver by way of the hepatic artery 
is left intact, removal of the gastrointestinal tract has no apparent effect 
on the disappearance of labeled phospholipide from the plasma. When, 
however, the blood supply to the liver via the hepatic artery was eliminated in the 
eviscerated dog, there occurred an abrupt decrease in the rate at which labeled 
phospholipides disappeared from the plasma. 

DISCUSSION 

6 hours after the injection of radioactive inorganic phosphate, negligible 
amounts of radiophospholipide can be recovered from liverless dogs made 
so either by complete excision of the liver (2) or, as in the present study, 
by excluding this organ from the circulation. Although such findings have 
been offered as evidence for the view that the liver is the main site for 
synthesis of plasma phospholipide, the possibility that the extrahepatic 
tissues contribute to plasma appreciable amounts of phospholipide of low 
specific activity was not ruled out. That this does not occur, however, 
is shown by the data contained in Column 6 of Table II and by Fig. 1. 
The specific activities of plasma phospholipide phosphorus of dogs that 
had received intravenously radioactive plasma phospholipides did not 
decrease significantly after the liver had been excluded from the circulation. 
If, in the eviscerated dog with the liver excluded from the circulation, new 
plasma phospholipide had been formed, the specific activities of plasma 
phospholipide phosphorus could not have remained so constant. 

Since plasma phospholipides are not synthesized in the absence of the 
liver, the finding that the level of plasma phospholipides remains constant or 
nearly so in the liverless dog means that in the latter the utilization of 
plasma phospholipides has practically ceased. This suggests that the liver 
is also the main tissue in which their utilization occurs. Further evidence 
for this concept is provided by a comparison of the rates at which the injected 
labeled plasma phospholipides disappeared from the plasma of the normal 


| 


and the liverless dogs. The fact that these labeled plasma phospholipides 


disappeared at a normal rate when the gastrointestinal tract was removed 
but not when the liver was excluded can leave little doubt as to the signifi- 
cance of the liver in the utilization of plasma phospholipides. 

The turnover of plasma phospholipides did not completely stop in all 
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of the eviscerated dogs. This may be due to small amounts of blood reach- 
ing the liver by routes other than the portal vein and hepatic artery. On 
the other hand, the small decrease in labeled plasma phospholipide in the 
eviscerated dogs may be indicative of some utilization of plasma phospho- 
lipide by extrahepatic tissues, a utilization, however, that is negligible as 
compared with that observed in dogs in which the liver remains intact. 

The results presented here raise the interesting question as to what 
function plasma phospholipides serve in the animal body. The finding that 
the liver alone is so much more important than the total mass of extra- 
hepatic tissues in their utilization lends little support to the view that the 
main function of plasma phospholipides is to transport fatty acids from 
liver to other tissues. 


SUMMARY 


1. The concentration of phospholipides, total fatty acids, and cholesterol 
in plasma is not appreciably decreased by excluding the liver from the 
circulation. 

2. The rate at which intravenously injected radiophospholipide dis- 
appears from the plasma was used as a measure of the turnover time of 
plasma phospholipides. In confirmation of earlier work, it was found that 
plasma phospholipides are completely turned over in 6 to 10 hours in 
normal dogs weighing from 7 to 18 kilos. By depriving these dogs of 
their livers, the time required for complete turnover was prolonged to 
33 to 160 hours. 

3. It is concluded that the liver is the principal tissue in the body con- 
cerned not only with the synthesis and supply of plasma phospholipides 
but also with their removal. 
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ADRENALIN IN SCURVY 


By SACHCHIDANANDA BANERJEE anp NARESH CHANDRA GHOSH 


(From the Department of Mitra Research in Diabetes, Calcutta School of Tropical 
Medicine, and the Applied Chemistry Department, University College of Science 
and Technology, Calcutta, India) 


(Received for publication, July 12, 1946) 


It was reported earlier (1) that there was a significant increase in the 
adrenalin content of the adrenal glands of scorbutic guinea pigs. Un- 
fortunately the paired feeding technique was not then employed. As 
inanition is always associated with the onset and development of scurvy, 
it might be argued that the results obtained were due to inanition alone 
and not to the specific effect of vitamin C deficiency. In the present 
investigation, therefore, an attempt was made to study the relation of 
scurvy to the adrenalin content of the adrenal glands of guinea pigs by the 
use of the paired feeding technique. 

We observed a diabetic type of glucose tolerance curve in scorbutic 
guinea pigs (2) and pointed out that the lowered glucose tolerance of the 
scorbutic guinea pigs compared with that of normal animals might be 
partly due to an increased action of adrenalin (1) in the absence of the 
opposing action of insulin (3). The rédle of the adrenal medulla on the 
glucose tolerance test was, therefore, studied in guinea pigs in which the 
medulla had been removed; a scorbutic diet with or without the supple- 
ment of ascorbic acid and the paired feeding technique were employed. 


EXPERIMENTAL 


Relation of Scurvy to Adrenalin Content of Adrenal Glands of Guinea Pigs 


Young male guinea pigs with an average weight of 225 gm. were fed 
ad libitum, for 1 week, a scorbutic diet (1) with a daily supplement of 
5 mg. of ascorbic acid. Those animals which were growing on this diet 
were selected. They were divided into two groups, housed in individual 
cages, and paired evenly so that the weights of the animals in each pair, 
one from each of the groups, were about the same. One of the groups was 
fed ad libitum the scorbutic diet without any supplement of ascorbic 
acid for 20 days: The daily food consumption of each animal of this group 
Was measured and an equivalent amount of the scorbutic diet was given 
to the corresponding animal of the second group which received in addition 
a daily oral supplement of 5 mg. of ascorbic acid. All the animals were 
fed 2 drops of a concentrate of vitamins A and D twice a week. In the 
evening of the 20th day the food was removed from the cages of all the 
animals. The next morning, the animals were sacrificed by a blow on the 
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' 
head, the neck veins cut, the adrenals removed and transferred to a weighed | 
tube containing normal saline and a few drops of 10 per cent trichloroacetie 
acid, and the whole weighed again. Adrenalin was determined by the! 
method previously described (1). The results are shown in Table I. 


TaBe I 
Determination of Adrenalin in Normal and Scorbulic Guinea Pigs 






































| Weight — pny A pding om ny Adrenalin per 1 gm, 
Pair No. | death adrenals weight adrenal 
Normal Scorbutic | Normal Scorbutic | Normal | Scorbutic | Normal | Scorbuti 
gm. gm. me. meg. meg. meg. OY 4 
1 308 286 | 132.6 | 153.2 43 54 233 | «(515 
2 | 250 220 | Lost 106.8 49 731 
$s |i- @ 252 | 111.6 115.8 46 202 | 604 
4 | 20 | 220 137.6 | 186.8 53 85 210 | 437 
5 238 230 | 121.4 | 161.8 51 70 186 449 
6 6 6| «(258 242 111.8 146.2 43 60 238 | 510 
7 | 238 | 215 | 123.0 124.8 | 52 58 234 577 
8 296 | 258 | 134.4 | 216.0 45 S4 169 371 
9 | 335 240 | 136.0 | 159.0 41 66 220 478 
10 | 227 189 82.4 106.4 36 56 207 | 670 
ll | 228 186 | 126.6 139.4 55 75 173 | 508 
12 304 292 | 167.8 182.6 55 62 120 447 
13 266 226 | 167.4 190.0 63 84 137 418 
14 2097 265 | 143.2 207.6 48 | 78 | 144 344 
15 165 155 | 75.4 | 118.6 16 77 «| «(286 444 
16 330 | 272 168.6 193.2 51 71 123 433 
17 240 | 209 111.2 155.6 | 46 74 258 427 
18 225 | 211 103.2 | 170.2 46 81 135 | 335 
Ee ee eee 127.2 157.4 48 68 198 483 
| } 
Difference of means.............. Spree | 20 285 
Standard error of difference... ha : 3.65 28.01 
gk thet ks Bias asici os amccea 5.48 | 10.17 





* All values of ¢ are highly significant. 


Relation of Adrenal Medulla to Glucose Tolerance Test in Normal ani! 
Scorbutic Guinea Pigs 


Three groups of guinea pigs, each containing three animals, were housed 
in separate cages and fed ad libitum the scorbutic diet with daily onl 
supplements of 5 mg. of ascorbic acid. Two animals from each group wet 
selected. They were fasted overnight and on the 6th day adrenal enuclet 
tion was performed under ether anesthesia according to the methot, 
slightly modified, described by Evans for rats (4). After the operatio}, | 
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the animals were allowed to drink a 1 per cent solution of sodium chloride. 
On the 22nd day after demedullation, by which time the cortex is completely 
regenerated, the ascorbic acid supplement was withdrawn from one of the 
demedullated animals in each group. The daily consumption of the diet 
of the animal receiving no ascorbic acid was measured and an equivalent 
amount of the diet was given separately to the other two of the group. 
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Fic. 1. Growth curves of guinea pigs. Curve I shows the growth of the scorbutic 
guinea pig with demedullated adrenals; Curve II, the demedullated guinea pig re- 
ceiving vitamin C; Curve III, the guinea pig with intact adrenals receiving vitamin C. 


Thus, in each group, one demedullated animal received the scorbutic diet 
only, while the other demedullated guinea pig and also the animal with 
intact adrenals received an equivalent amount of the scorbutic diet with a 
daily oral supplement of 5 mg. of ascorbic acid. All the animals were fed 
2 drops of a concentrate of vitamins A and D twice a week during the 
experimental period. In the evening of the 49th day of the experiment, 
21 days after the withdrawal of ascorbic acid from one of the demedullated 
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guinea pigs of each group, food was withdrawn from the cages of all th | 
animals. The glucose tolerance test was performed the next morning | 
After a fasting blood specimen had been taken from the heart, each guines 
pig was fed 0.2 gm. of glucose per 100 gm. of body weight in a 50 per cent | 
solution. Blood samples were taken from the heart at intervals of 45/ 
minutes up to 280 minutes after the administration of glucose. The blood | 
sugar was estimated according to the method of Hagedorn and Jensen (5), 
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Fic. 2. Glucose tolerance curves of guinea pigs. Curve I represents the results ¥ 


on the scorbutic guinea pig with demedullated adrenals; Curve II, the demedullated | ( 
guinea pig receiving vitamin C; Curve III, the guinea pig with intact adrenals r 
ceiving vitamin C. 





C 
Curves for growth and glucose tolerance of one of the groups of guinea pigs g 
are shown in Figs. 1 and 2. 
DISCUSSION ; B 
Both the size and the adrenalin content of the adrenal glands of scorbutit 
guinea pigs were significantly increased when compared with those of the tl 
pair-fed normal control animals (Table I). In our previous report (I), 
in which the normal control animals received the diet. ad libitum, both the 
size and the adrenalin content of the adrenal glands were relatively higher. 1, 
Inanition, therefore, slightly affects the above findings. The increase it : 
the size and the adrenalin content of the adrenals in scurvy is therefot, 4 
mainly due to the effect of vitamin C deficiency. In the present invest 5, 
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gation all the scorbutic animals were fed ad libitum the scorbutic diet 
for 20 days, when they were sacrificed. Unlike the scorbutic animals of 
the previous report (1), which received the scorbutic diet up to 25 days, the 
animals of the present experiment were in the early stage of scurvy and the 
size and adrenalin content of the adrenal glands were at a relatively lower 
level. It seems, therefore, that the size of the adrenal glands and the 
adrenalin content increase gradually with the progress of scurvy. 

Fig. 1 shows that the normal control animals, fed the same amount 
of diet as the animal of the scorbutic group, lose weight similar to the 
scorbutic animals, but the effect is delayed. The loss in weight with the 
progress of scurvy is therefore mainly due to inanition. The demedullated 
scorbutic guinea pig gave a diabetic type of glucose tolerance curve like 
that observed in scorbutic guinea pigs (2). The demedullated guinea pig 
and the control with intact adrenals, which received the same amounts of 
diet consumed by the scorbutic animal in addition to the supplement of 
vitamin C, gave normal glucose tolerance curves. This indicates that 
neither adrenalin nor inanition is responsible for the lowered glucose 
tolerance as observed in scurvy. The disturbed carbohydrate metabolism 
in scurvy seems more likely to be due to diminished insulin secretion by the 
pancreas of the scorbutic guinea pigs (3). 


SUMMARY 


1. The effect of scurvy on the adrenalin content of the adrenals of guinea 
pigs was studied by a paired feeding technique. 

2. There was significant increase in the size and also in the adrenalin 
content of the adrenals of scorbutic guinea pigs. 

3. The glucose tolerance tests were performed on scorbutic guinea pigs 
with demedullated adrenals, on demedullated guinea pigs receiving vitamin 
C, and on guinea pigs with intact adrenals receiving vitamin C. 

4. The demedullated scorbutic guinea pigs gave a diabetic type of glu- 
cose tolerance curve, whereas the others showed a normal tolerance to 
glucose. 

5. Neither adrenalin nor inanition was responsible for the lowered 
glucose tolerance observed in scurvy. 


We are indebted to Dr. F. M. Fruter of Hoffmann-La Roche, Inc., for 
the supply of ascorbic acid and 2,6-dichlorophenol indophenol. 
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THE COMPONENT FATTY ACIDS OF BUFFALO 
COLOSTRUM FAT 


By C. P. ANANTAKRISHNAN, V. R. BHALE RAO, T. M. PAUL, 
anp M. C. RANGASWAMY 


(From the Imperial Dairy Research Institute, Bangalore, India) 
(Received for publication, April 10, 1946) 


The fluid secreted immediately after parturition differs in chemical 
composition from normal milk in many respects. Many studies have been 
made of the properties and composition of the colostrum of cows, but very 
little work has been done on the colostrum of other animals. In India, 
the buffalo is an important source of milk and butter fat, which have been 
the subject of many investigations. However, no information seems to be 
available on the composition of the colostrum or the fat of the milk secreted 
by the animal during the first few days after parturition. A study on this 
subject might throw some light on the physiology and the mechanism of 
the fat synthesis and secretion by the mammary glands of the buffalo. 


EXPERIMENTAL 


The fat was separated from the colostrum and milk of four Murrah 
buffaloes maintained at the Institute farm. All the animals were milked 
twice a day and the fluid secreted every 24 hours from each animal was 
mixed and the butter fat prepared from this mixture. Collection of butter 
fat was continued up to the 15th day of lactation. Representative com- 
posite samples of each day of lactation were obtained and analyzed for 
the usual chemical characteristics; the results are presented in Table I. 
The mixtures obtained on the Ist, 2nd, 3rd, and 10th days of lactation were 
subjected to detailed chemical analysis by ester fractionation according 
to the method of Hilditch as modified by Smith and Dastur (1); a summary 
of the results is presented in Table II. 

All the animals at about a month before calving were fed daily 3 pounds 
of a concentrated mixture composed of wheat bran, groundnut cake, 
Bengal gram (Cicer arietinum), and Bengal gram husk, in the ratio of 
4.0:2.5:1.5:2.0, in addition to 3 pounds of wheat bran. For the first 
4 days after calving the animals received 10 pounds of wheat bran and 
1 pound of jaggery (crude cane sugar). Throughout the period the rough- 
age consisted of 70 pounds of mixed green grass and 5 pounds of ragi straw. 
From the 5th day of lactation onwards the amount of concentrated mixture 
fed was adjusted according to the milk yield at the rate of 1 pound for 
every 2 pounds of milk produced by the animal. 

The results in Table I indicate that as lactation advances there is a 
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TaBLe I 
Analytical Characteristics of Fat of Composite Mixtures of Buffalo Colostrum 





Butyrometer Saponi- 



























































Day of | Iodi Reich Polensk 
oat | ue EE] Se | as | “ait | a | a | 
| | | | | | 
1 | 30.1 | 44.5 | 218.7 | 38.6 | 25.08 0.90 | 20.82 
2 | 36.8 43.6 | 219.4 | 33.0 | 28.71 1.25 | 25.83 ] 
3 | 36.5 | 43.4 | 224.7 | 32.2 | 30.91 | 1.25 | 26.92 , 
4 | 36.6 | 42.5 | 227.2 | 26.8 | 34.21 1.35 | 30.15 
5 | 3.9 | 41.8 | 22838 | 27.5 | 34.87 | 1.25 | 30.16 I 
10 | 36.4 | 41.5 | 228.8 | 2.3 | 34.85 | 1.25 | 30.12 t 
15 | 36.2 | 41.5 | 228.7 | 26.6 | 37.91 | 1.20 | 31.53 | 0 
t 
TaBLe II | b 
Summary of Component Fatty Acids of Buffalo Colostrum (Expressed in Mole Per Cent) es. 
; 8 
| Day of lactation 
Acids a 
ist | 2nd | 3rd 10th C 
, r= % 7 th 
ee eee 7.4 7.4 8.9 12.1 
SA ane | o3 | o2 | o4 0.7 ™ 
SE schbenenes oes haneeews 1.3 1.9 1.3 2.4 th 
SE chs Side wvecbeschevendes 1.5 1.9 1.4 1.5 la 
PN ik stbecdabintad’cnds 1.7 2.8 2.3 1.8 co 
Myristic oe / 9. 13.7 | 12.8 12.8 a 
Palmitic bcehs<<aiieikeeey Eel 24.0 | 25.4 28.2 - 
Stearic. | 15.9 13.8 12.4 11.5 
Arachidic 0.9 0.6 0.8 0.7 
I Nk Bias sixon nals egiinw 57.6 66.3 | 65.7 71.7 | 
| 
toe ; du 
Decenoic....... eee er 0.1 0.1 0.1 0.1 act 
are ' 0.1 0.1 0.1 0.1 : 
Tetradecenoic.............. 0.4 0.6 0.6 0.6 . 
Hexadecenoic 5.8 4.3 4.7 4.4 3rd 
Ra be isda oes ..| 84.1 27.0 27.8 21.6 det 
Linoleic.......... i. ee 0.2 0.1 0.2 3 
Coo.22 unsaturated .| 1.2 1.4 0.9 1.3 tha 
i ER a See's See Pr ee 28.3 4 
al of | 
Sum of acids up to Cy....... | 21.9 28.7 27.9 | 32.1 stea 
marked progressive change in the chemical composition of the fat secreted 1% 
by the animals. The butyrorefractometer reading and iodine value gradu- 2 B 
ally decrease and the Reichert and saponification values of the fat increase. 3. Al 
These observations were supplemented by the detailed analysis reported 
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in Table II, which indicates definite trends in the change in composition 
of the fat secreted by the buffalo as the period of lactation advances. 
There is a regular increase in the proportion of the fatty acids up to palmitic 
acid during the transition from the colostrum of the first days to the mature 
milk of the 10th day of lactation. The unsaturated fatty acids up to Cy 
are not appreciably affected during the transition period. There is a 
marked lowering in the amount of oleic and stearic acids of the fat from 
the Ist day after calving to the 10th day of lactation. However, the 
presence of large amounts of oleic acid in the colostral fat may be due to 
the fact that in the initial stages of lactation, when the general activity 
of the glands is less, the oxidation of the oleoglycerides is slow. As lacta- 
tion advanced, the amount of oleic acid gradually decreases, this decrease 
being counterbalanced by an increase in the amount of saturated acids, 
mainly butyric, myristic, and palmitic. The results of the present investi- 
gation reveal an inverse relationship between the Cis acids on the one hand 
and the acids of lower molecular weight on the other, particularly of C,, 
Cy, and Cy. acids. Baldwin and Longenecker (2) have reported that 
there is no significant difference in the composition of the fat of colostrum 
and mature milk of cows, but we find that there is a gradual change in 
the composition of the colostrum fat of cows (3) as well as of buffaloes as 
lactation advances. The colostrum fat analyzed by them was from one 
cow and had been collected during the first 4 days after parturition, whereas 
we have analyzed the composite samples of fat collected from four buffaloes 
on each day during the progress of lactation. 


SUMMARY 


1. Samples of colostrum fat were collected from Murrah buffaloes 
during the progress of lactation and were studied for the chemical char- 
acteristics. 

2. Fat from the composite mixtures of colostrum of the Ist, 2nd, and 
8rd days and of mature milk of the 10th day of lactation was subjected to 
detailed ester fractionation for the study of fatty acid distribution. 

3. The colostrum fat is found to differ in chemical composition from 
that of the normal butter fat of the buffalo. 

4. The chief changes to be found were the gradual increase in the amount 
of butyric, myristic, and palmitic acids and a decrease in the amount of 
stearic and oleic acids, the decrease in the latter being more pronounced. 
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THE SYNTHESIS OF THE ISOMERS OF CYSTATHIONINE 
AND A STUDY OF THEIR AVAILABILITY IN SULFUR 
METABOLISM 
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pu VIGNEAUD 


(From the Department of Biochemistry, Cornell University Medical College, 
New York City) 


(Received for publication, August 2, 1946) 


Considerable experimental evidence has accumulated indicating that 
cystathionine is an intermediate in the conversion of methionine to cystine 
(1-5). The following report describes the synthesis of the isomers of 
cystathionine and the testing of their ability to replace the sulfur-contain- 
ing amino acids in the diet of the young rat. 

The name cystathionine was suggested for the thio ether, S-(/-6-amino- 
§-carboxyethy])-l-homocysteine (4). Since the present report is concerned 
with the four’'possible stereoisomers of the molecule, it is convenient to 
provide a stereochemical designation for the compounds. Since the isomer 
referred to above is related only to the natural amino acids and since it is 
dextrorotatory, it seems appropriate to designate it further as 1(+)- 
cystathionine. According to this system S-(d-6-amino-§-carboxyethyl)- 
d-homocysteine, the optical isomer of J(+)-cystathionine, would be 
designated d(—)-cystathionine. The remaining twoisomersare diastereoiso- 
mers of the first pair, and the name, allocystathionine, is suggested for them. 
Each of the allocystathionines is related to both the l- and d-amino acid 
series, but only one of the allocystathionines can yield l-cysteine on simple 
cleavage. Because biological interest in the compound has centered 
chiefly around its ability to serve as a precursor of cysteine, the cysteine- 
like moiety of the molecule is suggested as the stereochemical reference 
point. Thus, levorotatory S-(l-8-amino-8-carboxyethyl)-d-homocysteine, 
containing an /-cysteine moiety, may be designated /(—)-allocystathionine. 
Dextrorotatory S-(d-8-amino-8-carboxyethyl)-l-homocysteine, which simi- 
larly contains a d-cysteine moiety, may be designated d(+)-allocystathio- 
nine. The relationship between the four isomers is shown in the accom- 
panying structures. 


* Present address, Department of Physiology, New York University College of 
Medicine, New York. 
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ISOMERS OF CYSTATHIONINE 


COOH COOH COOH COOH 
| | | | 
H,N—C—H H—C—NH, H—C—NH, H:N—C—H 
| | 
| 
H—C—H H—C—H H—C—H H—C—H 
| ! 
| | 
H—C—H H—C—H H—C—H H—C—H 
| | | | 
S NS] 5 5 
| | | 
H—C—H H—C—H H—C—H H—C—H 
| | | | 
| | 
COOH COOH COOH COOH 
l(+-)-Cysta- d(—)-Cysta- l(—)-Allocysta- d(+-)-Allocysta- 
thionine thionine thionine thionine 
EXPERIMENTAL 





S-Benzylhomocysteine was resolved and converted to the optically 
active isomers of homocystine (6). These homocystine isomers served as 
precursors of the homocysteines used in the formation of the cystathionine 
isomers. Serine was resolved by the method of Fischer and Jacobs (7) 
and converted to the optically active isomers of a-amino-8-chloropropionic 
acid, according to the directions of Fischer and Raske (8). Condensation 
of the respective isomers of homocysteine and a-amino-8-chloropropionic 
acid was carried out in the manner used to synthesize /(+-)-cystathionine 
(2). Separation of the cystathionines from the accompanying homocystine 
was accomplished by recrystallization from a cyanide solution, according 
to the method originally devised by Brown and du Vigneaud for the separa- 
tion of lanthionine from contamination with cystine (9). 

d-Cystathionine—15.3 gm. of d-homocystine, [a] = —79.6°, were 
reduced in liquid ammonia with metallic sodium, according to the diree- 
tions of du Vigneaud and Patterson (6). On completion of the reduction, 
the flask was removed from the cooling bath and the ammonia was allowed 
to evaporate. When ammonia no longer issued, the flask was evacuated 
for } hour at water pump pressure and filled with nitrogen. 50 cc. of 
oxygen-free water were added, and the flask was evacuated again to remove 
excess ammonia and refilled with nitrogen. As in the earlier synthesis 
of the mixed isomers of cystathionine (10), the homocysteine was used 
without isolation. 

17.9 gm. of methyl d-a-amino-8-chloropropionate hydrochloride were 
hydrolyzed by heating to 100° with 180 cc. of 20 per cent HCl. The 
clear solution which resulted was evaporated under reduced pressure, 
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redissolved in water, and evaporated again. A thick mush of crystals 
resulted, and this was dissolved in 25 ec. of oxygen-free water. 

The flask containing the homocysteine was equipped with a stirrer and 
immersed in a water bath kept at approximately 60°. The solution of 
a-amino-8-chloropropionic acid hydrochloride was added portionwise 
during a period of 2 hours. When the reaction mixture became acid to 
phenolphthalein paper, a few pellets of solid KOH were added. After 
the last addition of a-amino-8-chloropropionic acid, the flask was allowed 
to remain in the water bath from 9 to 10 hours. At the end of this time, 
200 cc. of oxygen-free water were added to dissolve the precipitated salt, 
and the pH of the solution was adjusted to pH 6.0 with concentrated HCl. 
The flask was filled with nitrogen and allowed to stand in the refrigerator 
overnight. 

The resulting precipitate was separated and suspended in 300 cc. of 
water. 25 cc. of concentrated HCl were added. The resultant dark 
colored solution was clarified by filtration through a layer of Darco and 
neutralized to pH 6.0 with concentrated NH,OH. The crystalline pre- 
cipitate was filtered and washed with water. The dried product weighed 
11.2gm. A sample showed a strong sodium cyanide-nitroprusside test for 
disulfide. 

To separate the d(—)-cystathionine from homocystine, the above 
product was suspended in 200 cc. of water and dissolved by the addition 
of concentrated NH,OH. The solution was filtered, and to the filtrate 
0.5 gm. of NaCN was added. After 30 minutes the solution was neutralized 
to pH 6.0 with glacial acetic acid; crystallization occurred spontaneously. 
The crystals were collected by filtration and the cyanide treatment was 
repeated. After the final recrystallization, 9.2 gm. of product were 
obtained. A sample of this product showed a faint cyanide-nitroprusside 
test. Analysis of a portion of it for homocystine by the Kassell and 
Brand modification (11) of the Folin-Marenzi method (12) showed the 
presence of less than 1 per cent of homocystine. A ! per cent solution of 
the compound in 1 N HCI possessed a rotation of [a]2* = —23.5°, which 
compares favorably with the value of [a]?? = +23.7° for l(+)-cystathio- 
nine (2). 

C;H,,O.N,8. Calculated. N 12.60, 8 14.42 
222.3 Found. “ 12.80, “ 14.89 


Dibenzoyl-d-cystathionine—200 mg. of d(—)-cystathionine were suspended 
in 10 cc. of water in a 50 cc. ground glass-stoppered flask and dissolved by 
the addition of NaOH. The flask was shaken in an ice bath and 0.35 ce. 
of benzoyl chloride was added in three portions. Each addition was 
followed by vigorous shaking until the odor of benzoyl chloride disap- 
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peared. The reaction mixture was kept alkaline to phenolphthalein by 
the addition of more alkali. After the last addition of benzoyl chloride, 
the reaction mixture was allowed to stand at room temperature for 1 hour 
and then was made acid to Congo red paper by the addition of concentrated 
HCl. An oily precipitate separated which soon solidified. After the 
flask had been cooled in the refrigerator overnight, the solid mass was 
separated by filtration and washed with water. 

The product was dissolved in 50 cc. of 70 per cent alcohol, heated, and 
the hot solution was filtered through a layer of Darco. The clear filtrate 
was evaporated in vacuo until crystals appeared. After the flask was 
cooled overnight, the crystalline precipitate was filtered, washed with 
5 ec. of cold 70 per cent alcohol, and dried at 80°. This dibenzoyl-d- 
cystathionine melted' at 232-234°. The melting point recorded for 
dibenzoyl-l-cystathionine is 229° (2). 

CxnH2O.N.8. Calculated. N 6.51, 8 7.45 
430.5 Found. “Gra ° sae 


l(—)-Allocystathionine—This isomer was synthesized from 15.3 gm. of 
d-homocystine, [a]** = —79.6°, and 17.9 gm. of methyl J-a-amino-6- 
chloropropionate hydrochloride. The product obtained from this coupling 
reaction was suspended in 300 cc. of water and dissolved by the addition 
of concentrated HCl. After clarification by filtering through a layer 
of Darco, the solution was neutralized to pH 6.0. After 24 hours in the 
cold room, the crystalline precipitate was collected. The product was 
washed with water and dried at 80°. A yield of 12.6 gm. was obtained. 
This product showed a strong cyanide-nitroprusside test. 

The product was recrystallized three times by precipitation from an 
alkaline cyanide solution, as described above for d(—)-cystathionine. 
This treatment yielded 3 gm. of product which still showed a positive 
cyanide-nitroprusside test, but analysis for homocystine showed the 
presence of less than 1 per cent of homocystine. A 1 per cent solution 
of the 1(—)-allocystathionine in 1 N HC] possessed a rotation of [a]? = 
—25.0°. 

C;H,O.N2S. Calculated. N 12.60, S 14.42 
222.3 Found. ** 12.03, “ 14.68 


Dibenzoyl-l-allocystathionine—This derivative was prepared from 200 
mg. of 1(—)-allocystathionine by the procedure described for dibenzoyl- 
d-cystathionine. The recrystallized product melted at 186-187°. 


CyH20,N38. Calculated. N 6.51, 8S 7.45 
430.5 Found. “* 6.55, ‘* 7.68 


1 Ail melting points are corrected capillary melting points. 
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d(+-)-Allocystathionine—This isomer was synthesized from 15.3 gm. 
of Lhomocystine, [a] = +74.0°, and 17.9 gm. of methyl d-a-amino-s- 
chloropropionate hydrochloride. The product was treated as described 
previously and, after three precipitations from alkaline cyanide, 4 gm. of 
product were obtained which were shown to contain less than 1 per cent of 
homocystine by analysis. A 1 per cent solution of the d(+)-allocysta- 
thionine in 1 N HCI possessed a rotation of [a]2* = +24.5°. 


C;H,,O.N2S. Calculated. N 12.60, 8 14.42 
222.3 Found. ** 12.28, ‘* 14.39 


Dibenzoyl-d-allocystathionine—This derivative was prepared from 200 
mg. of d(+)-allocystathionine according to the procedure described for 
dibenzoyl-d-cystathionine. After two recrystallizations from 70 per cent 
alcohol, the product melted at 189°. 


CaH2O6N.S. Calculated. N 6.51, 8 7.45 
430.5 Found. ** 6.46, “ 7.57 


Feeding Experiments 


For the study of the availability of the isomers of cystathionine for 
the replacement of cystine in the diet of the growing white rat, the diet 
was the same as that used with /(+)-cystathionine (2). Supplementation 
of this diet with either cystine or 1(+)-cystathionine had been shown to 
permit growth (2). The protein nitrogen of the diet was supplied by a 
mixture of pure amino acids patterned after the amino acid mixture of 
Rose and Rice (13). The diet had the following composition: amino acid 
mixture (exclusive of the sulfur-containing amino acids) 21.3, sucrose 
44.7, Crisco 30.0 (including fat-soluble vitamin supplement), and salt 
mixture (Osborne and Mendel (14)) 4.0 parts, respectively. 

The sulfur-containing amino acids were added to the amino acid mixture 
and an equal weight of sucrose was omitted from the diet. The fat- 
soluble vitamins were furnished in a corn oil solution, 4 cc. of which were 
added to the fat component of 1 kilo of diet. The source and quantities 
of these vitamins have been described previously (15). 0.5 cc. of a solution 
containing the water-soluble vitamins was fed twice daily. 1 cc. of this 
solution contained 20 y of thiamine chloride, 20 y of riboflavin, 20 y of 


| nicotinic acid, 20 y of pyridoxine hydrochloride, 200 y of calcium dl- 





pantothenate, 5 mg. of inositol, and 25 mg. of choline chloride. The 
diets and water were allowed ad libitum, and the animals were weighed 
every 4 days. 

For the basal diet in the experiments recorded in Table I and Fig. 1 
methionine was added to form 0.2 per cent of the diet. This amount of 
methionine was such that growth was not permitted on the basal diet, but 
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when sufficient cystine was added growth would result. The cystathionine 
isomers and cystine were added to the basal diet in amounts indicated in 
Table I. The growth curves for the animals used in these experiments 
are shown in Fig. 1. The daily food consumption is given in Table I. 



































TaBLe I 
Food Consumption of Rats Fed Cystathionines in Place of Cystine 
Rat No. and sex Supplement to basal diet — “halen” 
sumption 
days gm. 
1435 9 None 10 2.7 | 
0.74% 1l(—)-allocystathionine 20 5.5 
None 7 4.3 
1436 9 “ 10 3.1 
0.74% 1(—)-allocystathionine 20 5.8 
0.74% d(+)-allocystathionine 7 4.0 
1440 9 None 10 2.9 
0.74% d(+)-allocystathionine 20 2.9 
None 2 ° 
1444 . | 10 3.3 
0.74% d(+)-allocystathionine | 20 5.1 
None 7 4.9 
1437 3 . | 10 4.2 
0.74% d(—)-cystathionine | 20 4.7 
None 7 4.9 
1442 7 - 10 3.4 
0.74% d(—)-cystathionine 20 4.2 
None 7 5.4 
1439 # " 10 3.8 
0.74% I(+)-cystathionine 20 6.1 
0.74% d(—)-cystathionine 7 5.0 
1441 9 None 10 2.8 
0.4% l-cystine 20 4.0 
None 7 5.3 
1443 9 a 17 3.7 
0.4% l-cystine 13 5.6 
None 7 6.1 
1438 - 37 4.7 
4 
* The animal died 2 days after being placed on the basal diet. The food consump- fi 
tion was negligible. 8 
w 
The curves in Fig. 1 show that the addition of 0.4 per cent of cystine to 
the basal diet made it adequate for growth. In agreement with the results of ci 
earlier experiments, substitution of an equivalent quantity (0.74 per cent) ~ 


of 1(+)-cystathionine permitted growth approximately equal to that 
obtained with a cystine supplement. Of the other stereoisomers off | q 





Line 
1 in 
nts 


\mp- 


e to 
ts of 
ent) 
that 
; of 


ANSLOW, SIMMONDS, AND DU VIGNEAUD tt 


cystathionine, only one supported growth in place of cystine. A supple- 
ment of 0.74 per cent of 1(—)-allocystathionine gave growth at a rate 
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Fie. 1. Growth curves for rats fed cystathionines in place of cystine. The number 

and sex of the animals (litter mates) are indicated at the extreme left; the initial and 

final weights are in parentheses; a dagger indicates that the animal died. The dietary 

supplement is noted along the curves; the arrows indicate the times at which the diet 
was changed. The basal diet contains 0.2 per cent methionine. 





comparable to that of an equivalent amount of cystine or /(+)-cystathio- 
nine. The parallel growth curves of Rats 1435, 1436, and 1441 suggest 
that /(—)-allocystathionine can support growth as well as an equivalent 
quantity of cystine. Supplementation of the basal diet with either 
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d(—)-cystathionine or d(+)-allocystathionine resulted in no better growth 
than that of the control animal. 





























TaBLeE II 
Food Consumption of Rats Fed l(—)-Allocystathionine in Place of Methionine 
ba peer’ Supplement to basal diett = “oodicone — - 
days | gm. 
1508 Choline 5 3.0 
| 0.46% dl-homocystine + choline 17 6.7 
Choline ll 4.2 
2607 2 | or 4 3.3 
| 0.46% dl-homocystine + choline 15 4.9 Restricted 
1510 9 Choline 5 | 2.6 
0.74% l(—)-allocystathionine + 18 4.9 
choline | 
| 0.46% dl-homocystine + choline 11 6.8 
2608 ¢ | Choline 4 i -2 
| 0.74% l(—)-allocystathionine + 15 4.2 
choline 
2609 # | Choline 4 | 28 
0.74% l(—)-allocystathionine + 15 4.5 
choline 
1511 9 None 5 3.2 | 
0.74% I(—)-allocystathionine 14 3.4 
2611 9 | Choline 4 3.0 
| 0.74% l(—)-allocystathionine | 10 4.4 
| 0.74% “ | 5 0.8 
2610 @ | Choline 4 2.5 
| 0.74% I(—)-alloeystathionine 7 4.6 | 
| 0.74% “ 4 | 08 
2606 9 Choline 4 2.8 
| 0.46% dl-homocystine 10 4.6 Restricted 
| 0.46% a i 2.1 
2605 ¢ | Choline | 19 3.0 | 











* Rats 1508 to 1511 inclusive were purchased from the Rockland Farms; Rats 
2605 to 2611 inclusive were litter mates from our colony. 

t Data in this column note the presence or absence of 25 mg. of choline chloride 
(per day) in the vitamin supplement. 

t Unless otherwise noted, feeding was ad libitum. 


Cleavage of 1(—)-allocystathionine to l-cysteine would offer a simple 
explanation of its ability to support growth in place of cystine. However, 
subsequent studies in vitro showed that the cleavage of 1(—)-allocysta- 
thionine by liver tissue presumably yielded d-homocysteine.? Since 


? Anslow, W. P., Jr., and du Vigneaud, V., unpublished data. 
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Fic. 2. Growth curves for rats fed 1(—)-allocystathionine in place of methionine. 
The number and sex of the animals are indicated at the extreme left; the initial and 
final weights are in parentheses. The dietary supplement is noted along the curves; 
the arrows indicate the times at which the diet was changed. The basal diet contains 
0.4 per cent cystine. 


d-homocystine can support growth in place of cystine (16), cleavage to 
homocysteine is the more probable explanation of the ability of l(—)- 
allocystathionine to support growth. If 1(—)-allocystathionine is cleaved 
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to d-homocysteine in the intact animal, then /(—)-allocystathionine 
supplemented with adequate dietary choline might be expected to support 
growth in place of methionine. 

To test the latter hypothesis, a series of rats was placed on a basal diet 
containing 0.4 per cent cystine but no methionine, a diet used to test the 
same hypothesis in the case of 1(+-)-cystathionine (2), under which condi- 
tions 1(+)-cystathionine did not support growth. The diet had the same 
composition as the one used above except with respect to the sulfur- 
containing amino acids. dl-Homocystine or /(—)-allocystathionine was 
added to this diet in the amounts indicated in Table II]. Growth curves 
for this series of animals are shown in Fig. 2. 

Supplementation of the basal diet with dl-homocystine made the diet 
adequate for growth. Supplementation with an equivalent quantity of 
l(—)-allocystathionine likewise brought about growth, but not to so great 
an extent as did the dl-homocystine supplement. Data in Table II show 
that the food consumption of animals fed the /(—)-allocystathionine 
ranges from 4.4 to 4.9 gm. per day, whereas the food consumption of 
animals fed homocystine was approximately 6.7 gm. per day. When the 
intake of Rat 2607 (receiving the homocystine supplement) was restricted 
to 4.9 gm. per day, the rate of growth of this animal was comparable to 
that of the animal fed /(—)-allocystathionine. 

When the choline was removed from the vitamin supplement, Rats 
1511, 2611, and 2606 grew for a short time. However, all the rats began 
to lose weight precipitously from the 7th to the 10th day of the choline-free 
diet. Palpation indicated enlarged kidneys in Rat 2610 on the 12th day, 
in Rat 2611 on the 16th day, and in Rat 2606 on the 18th day. At autopsy 
gross examination of these three animals showed large mottled kidneys in 
Rat 2606, and marked enlargement and hyperemia in Rats 2610 and 2611. 
Enlarged kidneys were not felt in Rat 1511 and growth was resumed when 
choline was again included in the vitamin supplement. 


SUMMARY 

The three previously uncharacterized isomers of cystathionine have 
been synthesized and characterized. A stereochemical nomenclature for 
these compounds is suggested. 

On a cystine-free, methionine-restricted diet, 1(—)-allocystathionine is 
able to support growth in the young rat, behaving in this respect like 
l(+)-cystathionine. However, on a diet adequate with respect to cystine 
but deficient in methionine, 1(—)-allocystathionine supports growth in the 
young rat when fed together with choline, in contrast to the behavior of 
1(+-)-cystathionine under these conditions. 
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ne d(—)-Cystathionine and d(+)-allocystathionine do not support growth 
rt on a cystine-free, methionine-restricted diet. 
et | The authors wish to acknowledge their appreciation to Dr. Julian R. 
he - Rachele and Mr. Roscoe C. Funk, Jr., for the microanalyses reported in 
li- this paper. 
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A FURTHER INVESTIGATION OF THE ABILITY OF SARCO- 
SINE TO SERVE AS A LABILE METHYL DONOR* 


By VINCENT pu VIGNEAUD, SOFIA SIMMONDS, anp MILDRED COHN 


(From the Department of Biochemistry, Cornell University Medical College, 
New York City) 


(Received for publication, August 3, 1946) 


It is the purpose of the present paper to report a study of transmethyla- 
tion with isotopic sarcosine. The sarcosine used in these experiments was 
labeled with deuterium in the methyl group and also with N“. The com- 
pound was fed to four adult rats for 7 days as a supplement to an otherwise 
methyl-free diet containing homocystine. At the end of this time, the rats 
were sacrificed and choline, creatine, glycine, and glutamic acid were iso- 
lated from the tissues of each rat. In order to determine the relative 
efficacy of sarcosine as a methyl donor, a parallel experiment under identical 
conditions was carried out with isotopic choline. In the latter compound, 
only the methyl groups were labeled. The data from these experiments 
are summarized in Table I. 

As shown in Table I, sarcosine was not an effective methyl donor for the 
synthesis of choline and creatine, although a small fraction of the methyl 
groups of these tissue constituents was derived from the dietary sarcosine. 
About 1 to 2 per cent of the methyl groups of choline and about 0.5 per cent 
of the methyl group of creatine were derived from the sarcosine in 7 days. 
When an amount of methyl groups equivalent to that supplied as isotopic 
sarcosine was fed in the form of deuteriocholine, approximately 22 per cent 
of the tissue choline-methy] and approximately 2 per cent of the creatine- 
methyl groups were derived from the diet. 

In order to eliminate variations due to differences in body weight of the 
rats and differences in amounts of test compound ingested, the data may 
be recalculated on the basis of mm of test compound ingested per 100 gm. 
of body weight. When the data are recalculated in this manner (Table II), 
the creatine N* values resulting from the feeding of isotopic sarcosine ap- 
pear to exhibit a random fluctuation within +10 per cent. On the other 
hand, the variation of deuteriomethyl concentration in the creatine is of a 
different order of magnitude; approximately 70 per cent more methyl 
groups of creatine have been derived from dietary sarcosine in the female 
rats than in the male rats. A similar recalculation of the data from the 
feeding of choline (Table II) shows no significant difference between the 


* The authors wish to thank the Nutrition Foundation, Inc., for the research grant 
which has aided this work. 
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male and the female rat. The sarcosine results with respect to sex differ- 
ence will bear further experimental investigation. 

A comparison of the percentage of methyl groups' and nitrogen in the 
isolated choline derived from the fed sarcosine shows that the sarcosine 
molecule is not converted to choline asa whole. Of even greater interest is 
a similar comparison in the isolated creatine which reveals that the sarcosine 
molecule is not converted intact to creatine but first is demethylated to 
yield glycine. This is in agreement with the experimental findings of Bloch 
and Schoenheimer (1, 2) and of Borsook and Dubnoff (3). 


TaBLe II 


Data from Table I Recalculated on Basis of mM cf Test Compound Ingested Per 100 Gm. 
of Body Weight 





Per cent of methyl or N in isolated compounds derived from test compounds 





mM 
test compound 





No. ted i , | Sarcosine moiety .. | Glutamic 
a om 7. ays 7 Choline of creatine Glycine | acid 
100 gm. body 
weight Total 


| methyl | Nitrogen | Methyl | Nitrogen | Nitrogen | Nitrogen 





N?* deuteriosarcosine hydrochloride 











1752 3" 2.29 0.485 | 0.606 | 0.127 1.08 | 0.846 | 0.218 
1753 2.56 0.543 | 0.590 | 0.168 0.97 0.953 | 0.188 
1755 2 2.56 0.570 | 0.597 | 0.246 1.17 1.04 0.207 
1757 Q 3.14 0.688 | 0.611 0.261 1.08 | 0.918 | 0.207 





Deuteriocholine chloride 





1754 2.45* 8.70 0.845 
1756 Q 2.93* 7.71 0.724 


























* This figure represents the number of milliequivalents of methy] groups rather 
than of choline. 


With the data available from the present study with sarcosine, it is now 
possible to compare the three N-methylglycine derivatives, sarcosine, 
dimethylglycine, and betaine, as methyl donors. Although a direct com- 
parison among these compounds cannot be made because the sarcosine was 
fed to adult rats, whereas the dimethylglycine and betaine were fed to grow- 
ing rats (4), the relative activity of each compound can be evaluated never- 
theless by comparison with choline fed under the same conditions. Such a 


‘The figures in Tables I and II represent the percentage of three methyl groups 
of choline derived from sarcosine. If one considered only one methy] group of choline 
which would be necessary for a direct conversion of sarcosine to choline, the value 
would be three times as high. 
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comparison shows that betaine (4) is by far the most active of the three 
glycine derivatives. Dimethylglycine (4) and sarcosine are both relatively 
inactive. This is in agreement with the fact that betaine is the only one 
which can replace choline in the growth tests (5, 6). 


EXPERIMENTAL 


Synthesis of N Deuteriosarcosine Hydrochloride (CD;N“HCH,COOH. 
HCl)—Isotopic sarcosine hydrochloride was prepared from N® glycine (4) 
and deuteriomethy] iodide (7) by the method of Fischer and Bergmann (8), 

Analysis— 


N's deuteriosarcosine hydrochloride. Calculated.2 N 10.92 
Found. ** 10.53 


The compound contained 82.9 atom per cent excess deuterium in the methyl 
group and 4.17 atom per cent excess N. 

Feeding of N* Deuteriosarcosine—Four adult rats, two males and two 
females, ranging in weight from 280 to 360 gm., were used. The isotopic 
sarcosine hydrochloride, with sufficient NaHCO; to neutralize it, was incor- 
porated in a diet containing 1.25 per cent homocystine (4) and was the only 
possible source of labile methyl groups in the diet. For the first 4 days of 
the feeding period, 2.2 gm. of isotopic sarcosine hydrochloride were added 
per 100 gm. of diet. Since the daily food intake was somewhat lower than 
expected, it was necessary to give additional isotopic sarcosine hydrochlo- 
ride, neutralized with NaHCOs, in the aqueous solution of B vitamins (4) 
in order to maintain the total intake of sarcosine hydrochloride at approxi- 
mately 150 mg. per rat daily. 

To avoid giving the sarcosine in both the diet and the B vitamin 
supplement, during the last 3 days of the experiment 3.2 gm. of the isotopic 
sarcosine hydrochloride were added per 100 gm. of diet. During the entire 
7 day feeding period, each rat ingested a total of approximately 1.03 gm. of 
test compound, which corresponds to a daily intake of sarcosine equivalent 
in methyl groups to 58 mg. of choline chloride. 

At the end of the 7 day experimental feeding period, choline was isolated 
as the chloroplatinate and creatinine as creatinine potassium picrate from 
the tissues of the sacrificed animals (7); for the N™ analyses, picric acid was 
removed from creatinine potassium picrate (4). Glycine and glutamic acid 
also were isolated from the tissue proteins. Glycine was isolated as the 
trioxalatochromiate, which was converted, for the purpose of analyses, to 
carbobenzoxyglycine (4, 9). Glutamic acid was isolated as glutamic acid 
hydrochloride (4, 10). The pertinent data from this experiment are sum- 
marized in Table I. 


2 All calculated values are based on increased molecular weights due to deuterium 
in the molecule. 
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Analyses—Choline chloroplatinate 
Rat 1752. Calculated,? Pt 31.7; found, Pt 31.4 


“1758. “ ‘“S.* "na 
“ 1755. “31.6; “ “31.7 
“ 1787. . “Sige: “ae 


Carbobenzoxyglycine 
Rat 1752. Calculated, N 6.70;found, N 6.41 


“1753. “ “6.70; “ “ 6.58 
“1755. “ “6.70; “  “ 6.62 
* 1757. “ “6.70; “ “ 6.58 


Glutamic acid hydrochloride 


Rat 1752. Calculated, N 7.63;found,N 7.41 
‘¢ 1753. 5 TT © ait 
“ Tro _ i —_ ~ ee 
“ We. = “iT 6° “ Fae 


Feeding of Deuteriocholine Chloride ((CD3);3N(CI)CH.CH,OH)—Two 
adult rats, one male and one female weighing 355 and 296 gm. respectively, 
were maintained on the same homocystine diet (4) as used in the preceding 
experiment. 29 mg. of deuteriocholine chloride (7) in the aqueous solution 
of B vitamins (4) were fed twice daily to each rat. The deuteriocholine 
chloride (7) contained 83.1 atom per cent excess deuterium in the methyl 
groups. After 7 days, the rats were sacrificed and tissue choline and crea- 
tine were isolated (7). The data from this experiment are summarized in 
Table I. 

Analyses—Choline chloroplatinate 


Rat 1754. Calculated,? Pt 31.5; found, Pt 31.2 
“© 1756. " “Rm * * 8.7 


SUMMARY 


The ability of sarcosine to serve as a methyl donor for creatine and cho- 
line has been investigated by feeding adult rats N™ deuteriosarcosine 
(CD;N“HCH,COOH). Transmethylation from dietary sarcosine to 
tissue choline and creatine was observed, but the apparent rate of these 
reactions was slow, as compared to the rate at which methyl groups of die- 
tary deuteriocholine appear in the choline and creatine of the tissues. 


The authors wish to thank Dr. D. Rittenberg and Mr. I. Sucher of the 
Department of Biochemistry, College of Physicians and Surgeons, Columbia 
University, for the N“ analyses, and Mr. R. C. Funk, Jr., for the elementary 
analyses reported in this paper. 
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THE DISTRIBUTION OF NIACINAMIDE AND NIACIN 
IN NATURAL MATERIALS* 


By W. A. KREHL, J. DE LA HUERGA, C. A. ELVEHJEM, anv E. B. HART 


(From the Department of Biochemistry, College of Agriculture, University of Wisconsin, 
Madison) 


(Received for publication, July 26, 1946) 


Recognition of the importance of niacin in the prevention and cure of 
pellagra and the development of microbiological assays for this vitamin 
(1, 2) stimulated extensive studies on its distribution in foods and feeds 
(3-5). 

There is, however, very little information concerning the distribution of 
nicotinamide in natural materials, although it is stated that “free nicotinic 
acid apparently does not occur in the living organism but is found in the 
urine of animals” (6). The significance of nicotinamide in natural materials 
is further indicated by the fact that it is contained in coenzymes I and II. 
Although niacin and niacinamide show no difference in antipellagra activity, 
high levels of the two compounds do show different physiological effects; 
namely, the flushing effect of niacin. 

The development of a differential assay for niacin and niacinamide (7) 
has made it possible to study the distribution of these two compounds in a 
variety of natural materials, and a report of this study follows. 


EXPERIMENTAL 


Although it has been clearly shown that the test organism Leuconostoc 
mesenteroides (American Type Culture Collection No. 9135) responds to 
nicotinic acid but not to nicotinamide at low concentrations, it was con- 
sidered desirable to reexamine the conditions under which nicotinamide is 
hydrolyzed to nicotinic acid and thus made available to the organism. 

The method of assay as reported by Johnson (7) was followed in detail, 
except that the basal medium was modified as follows: glucose was reduced 
from 0.3 to 0.2 gm. per tube, pyridoxal was increased from 0.5 to 1.0 y per 
tube, and uracil was added at a level of 0.1 mg. per tube. Very good 
standard curves were obtained with this method and a representative one is 
shown in Fig. 1. 

To determine the best method for sample preparation and the hydrolysis 


* Published with the approval of the Director of the Wisconsin Agricultural Ex- 
periment Station. We are indebted to Dr. B. C. Johnson, University of [llinois, for 
the culture of Leuconostoc mesenteroides and to the Pyridium Corporation, Yonkers, 
New York, for financial support. 
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of nicotinamide to nicotinic acid, various reagents were used at an autoclay- 
ing temperature of 121° for a period of l hour. The results of these experi- 
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Fie. 1. Standard curve with Leuconostoc mesenteroides 


TaBLe I 
Hydrolysis of Niacinamide 





| Recovery oft 
Method of hydrolysis* 














50 y niacin | 50 y niacinamide 
per cent | per cent 
H.O ere ee vocal 100 0 
0.6 n H.SO, (Ba(OH),-neutral-| 
ized ) a a ih ke be Ok ee | 71 
1.0 x H,SO, (Ba(OH).-neutral-| 
ized) Pees aetna al 77 
1.0 x H:SO, (NaOH-neutralized)| | 83 
0.6 “ HCl (NaOH-neutralized) . 100 95-100 
Bee: e+ m a - 100 100 
0.1 ‘* NaOH (HCl “ M . 100 100 
0.25 y NaOH (HCl-neutralized). | 100 100 
—_—- * ” . | 100 100 





* All hydrolysis experiments were conducted by autoclaving at 121° for 1 hour. 
t Recovery studies made with Leuconostoc mesenteroides (American Type Cul- 
ture Collection No. 9135). 


ments are compiled in Table I and show that H.SO, hydrolysis, followed by 
removal of the sulfate ion with Ba(OH)., or its neutralization with NaOH, 
resulted in low recoveries of nicotinamide. (The nicotinamide concentra- 
tions used for the recovery experiments were checked against the standard 
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niacin assay with Lactobacillus arabinosus (2).) The use of HCl or NaOH, 
however, proved very satisfactory for the complete hydrolysis of niacina- 
mide and recovery of the niacin formed. These results are somewhat in 
variance with the previously reported work (7) in which it was stated that 
HC] could not be used for the hydrolysis, since the NaCl formed on neutral- 
ization with NaOH inhibited the growth of the bacteria. We have found 
no growth inhibition from concentrations of NaCl up to and including 2 per 
cent. This level of NaCl exceeds the concentration which would be found 
in any of the 1 N HCl-treated samples reported in this study. The reason 
for this difference might reside in the thoroughness with which the HCl 
was removed from the acid-hydrolyzed casein used in the basal medium. 
Inasmuch as excellent recoveries of niacin were obtained with 1 n HCl 
hydrolysis of nicotinamide and since this reagent is much more convenient 
to use than H,SOx,, it has been employed for the studies which follow. 

The samples chosen for analysis (Table II) were selected largely on the 
basis of their importance as human and animal foods. The analysis of rat 
tissues was chosen since the tissues represent readily available and stand- 
ard animal tissues. 

A standard method, based on the above studies, was adopted for prepar- 
ing the samples for analysis. This consisted of autoclaving 1 gm. of sample 
for 1 hour at 121° with 50 volumes of either H,O or 1 N HCl. In order to 
check the validity of the Leuconostoc mesenteroides assay, and particularly 
to check the effectiveness of H,O extraction of niacin under these conditions, 
all samples were prepared as above and assayed for niacin with Lactobacillus 
arabinosus, which does not distinguish between niacin and niacinamide. 
The nicotinamide content of the sample was found by using the difference 
between the assay value obtained with Leuconostoc mesenteroides before acid 
hydrolysis with 1 N HCl (7.e., H,O-treated samples) and the value obtained 
after acid hydrolysis. The analytical values obtained with both Lactobacil- 
lus arabinosus and Leuconostoc mesenteroides, together with the per cent 
of apparent nicotinamide, are given in Table II. 

The validity of the Leuconostoc mesenteroides assay for total niacin ac- 
tivity is clearly indicated by the remarkable agreement with the values 
obtained with Lactobacillus arabinosus with 1 N HCl for hydrolysis. The 
efficacy of H,O extraction of the various materials is evident in all samples 
except perhaps for wheat bran, wheat middlings, and white potatoes. The 
differences in these cases are probably not due to inadequate extraction but 
rather to incomplete hydrolysis of a precursor of nicotinic acid which has 
been demonstrated in these products (8). Incidentally, it is also clear that 
this precursor, in addition to nicotinamide, is unavailable to Leuconostoc 
mesenteroides, since the water-treated samples indicated above show a 
lower value with this organism than with Lactobacillus arabinosus. Hy- 
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drolysis of these particular samples with 1 N HC] allows full and comparable 
activity for both organisms. 




















Tas_e II 
Distribution of Niacin and Niacinamide in Natural Materials 
Lactobacillus arabinosus Leuconostoc 

Total niacin mesenteroides | Niacin- | Per cent 
Material analyzed* ) x= ———| [os | oan 
ager s | minus | of total 
anes pb y tx HCl "HO free) niacin 

| ss extract nena | 

| ¥ per gm. vy per gm. | vy pergm. | y per gm. y per gm. 
Hard wheat............ 45.5 46.5 | 49.7 | 34.7 15.0 | 30.0 
rae 42.8 | 48.5 | 52.0 37.2 14.8 | 28.5 
Wheat bran.............| 202 | 246 | 245 197 48.0 | 19.6 
‘“  middlings. ..| 1388 | 172 | 179 111 | 68.0 | 38.0 
“ germ 41.5 41.5 43.5 | 22.8 20.7 | 47.5 
White corn. 22.7 | 25.7 | 25.5 | 20.2 5.3 | 208 
Yellow *“ : 22.2 | 22.8 27.1 25.0 23 | 2 
Corn bran 55.0 | 55.8 57.0 27.5 29.5 | 51.8. 
“ gluten. .. 71.5 79.0 89.3 | 70.7 18.6 | 20.8 
Barley... 59.2 65.7 68.3 | 43.0 25.3 37.0 
Oats 6.4 6.8 7.4 | 6.5 | 0.9 12.2 
Rye 11.2 10.8 10.7 8.5 | 2.2 20.5 
Polished rice of 18.2 20.9 | 17.2 | 3.7 | 17.7 
White potatoes.........| 27.8 | 54.1 51.1 | 14.9 | 36.2 70.8 
Soy bean oil meal..... 19.9 20.6 25.3 | 12.6 | 12.7 50.1 
Linseed “ “ .......j 44.5 51.6 59.1 29.0 | 30.1 51.0 
Cow peas....... 19.1 21.6 | 26.5 | 15.9 | 10.6 40.0 
Split peas. ... 34.5 32.6 | 35.8 | 19.5 | 16.3 45.5 
Alfalfa (ground whole)..| 25.3 | 29.6 | 29.6 | 24.3 | 5.3 17.9 
a | | 140 | 62 | 78 | 55.7 
Dog food (dry type)....| 60.5 | 65.8 | 73.1 | 41.8 | 31.3 | 42.8 
Skim milk powder......| 7.8 | 82 | 8.2 | <1 | 8.1 | 99.0 
Ee 160 | 162 | 154 6 | 148 96.0 
i ee | 71 73 | 78 5 73 | 93.5 
0 } 82 | 8% | 87 | 8 | 79 | «(91.0 





* All samples were autoclaved at 121° for 1 hour with 50 volumes of the respective 
reagent. 

+ Does not differentiate between free nicotinamide and bound nicotinamide (co- 
enzyme I or II) or a precursor of nicotinic acid which is unavailable to the organism 


until after acid hydrolysis. 
t Analyses presented on fresh weight basis. All other analyses are on the dry 


weight basis. , 


The most striking results (Table IT) are the differences observed between 
the nicotinamide content of animal and plant products. The activity 
animal products is due almost entirely to nicotinamide, whereas in plant 
products there is considerable variation in nicotinamide concentration, 
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although in most plant materials the major amount of activity appears as 
niacin. 
DISCUSSION 

It should not be concluded that the nicotinamide as measured with 
Leuconostoc mesenteroides is all “free amide,’ since this method does not 
distinguish between the free amide and that bound as coenzyme. It is 
interesting to note that the potato leaf and wheat germ, both sites of great 
or potentially great metabolic activity, contain the largest amount of nico- 
tinamide. This probably is indicative of the importance of the réle of 
coenzymes I and I] in the active metabolic processes. The apparently high 
nicotinamide content of white potatoes is probably due to the high percent- 
age of nicotinic acid precursor in this product (8) rather than to nicotin- 
amide; this is also true of wheat bran and wheat middlings. 

It is interesting to speculate that the large amount of niacinamide in 
animal tissues indicates this compound, as opposed to niacin, as a prerequi- 
site for coenzymes I and II needed in respiration, whereas the respiration 
process in plant tissues and seeds utilizes niacin either for a reservoir to be 
converted to the amide as the respiration process is stimulated or for some 
other as yet undetermined metabolic function. It is interesting to consider 
the fact that the part of the plant having the least active metabolism, 
namely the bran or hull of the seed, has the greatest concentration of niacin, 
whereas the germ, the seat of potentially great metabolic activity, has the 
largest percentage concentration of nicotinamide. 


SUMMARY 


The conditions for hydrolyzing nicotinamide to nicotinic acid and its 
measurement by Leuconostoc mesenteroides have been evaluated. The use 
a 1N HCI for hydrolysis proved to be most satisfactory. 

Selected samples of plant and animal materials were analyzed for nico- 
tinamide by the use of the differential assay with Leuconostoc mesenteroides 
nd it was found that animal tissues contain nearly all of the total niacin 
wtivity as niacinamide, while plant tissues contain much less and a more 
variable amount of the total activity as niacinamide. 
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AN ELECTROPHORETIC STUDY OF THESALT FRACTIONATION 
OF YEAST EXTRACTS* 


By KURT G. STERN, ARNOLD H. SCHEIN, anp JAMES 8. WALLERSTEIN 


(From the Department of Chemistry, Polytechnic Institute, Brooklyn, the Department of 
Physiology and Biochemistry, New York Medical College, and the Overly 
Biochemical Research Foundation, New York) 


(Received for publication, May 8, 1946) 


The present experiments were undertaken after completion of the elec- 
trophoretic analysis of crude maceration extracts from dried top and 
bottom yeasts, which formed the subject of an earlier publication (1). It 
was found that extracts of this type, commonly designated as Lebedev 
juice, contain a number of electrochemically different colloidal components. 
Upon charting the “molecular spectrum” with the aid of the Tiselius elec- 
trophoresis apparatus, marked quantitative differences were found to 
exist in the diagrams obtained with the extracts from various yeast types. 
Furthermore, the electrophoretic patterns of undialyzed maceration ex- 
tracts appear to be more complex than those of the dialyzed solutions. 

Yeast maceration extracts are known to contain a large number of sub- 
stances, both of protein and non-protein character. Thus, in addition to 
the complete enzyme system of alcoholic fermentation (zymase complez), 
hydrolytic enzymes, dehydrogenases, flavoproteins, and hemoproteins (cf. 
(2)), as well as “inert” soluble proteins and polysaccharide (yeast gum), 
have been demonstrated in such preparations. Perhaps the most widely 
employed technique for isolating biologically active proteins from such 
sources as yeast or tissue extracts is the fractional salting-out method in 
which are utilized the differences in solubility of individual proteins in solu- 
tions of ammonium sulfate and other neutral salts of varying degrees of 
saturation. Frequently the salting-out method is combined with iso- 
electric precipitation procedures or with a fractionation involving the use 
of water-miscible organic solvents, especially alcohol and acetone. Al- 
though ultracentrifugal and electrophoretic techniques of separating bi- 
ological colloid mixtures possess, as a rule, a higher degree of specificity 
and resolving power than chemical fractionation methods, the latter still 
remain the only ones practical on a larger scale owing to the limited capacity 
of the physical tools mentioned above. Their chief application at the 


*The experimental part of this work was completed at the Overly Biochemical 
Research Foundation in 1944. It formed part of a research project conducted under 
the auspices of the Food Distribution Administration, United States Department of 
Agriculture. 
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present time consists in their use in controlling the results of chemical 
fractionation procedures. For this reason it was thought of interest to 
follow the ammonium sulfate fractionation of bottom yeast maceration 
extracts by electrophoretic analysis of the system at various stages of the 
process. This affords a correlation of chemical and electrochemical data 
of a type which has been found useful in the field of serum and tissue 
proteins (cf. (3)). 


EXPERIMENTAL 


Materials and Preparation of Yeast Extracts—10 pound batches of washed 
and pressed brewers’ bottom yeast were obtained through the courtesy of 
the Krueger Brewing Company of Newark, New Jersey. The yeast was 
driven through a coarse sieve and then dried in layers of about 1 em. in 
height over a period of several days at 30°. It has been established that 
the cell membranes are ruptured by partial autolysis under these conditions. 
This explains why aqueous maceration extracts from such dried yeast prepa- 
rations contain the enzyme system of alcoholic fermentation (zymase) in 
soluble and usually active form, in contrast to similar extracts obtained 
from fresh or from more rapidly dried yeast. The dried yeast was stored 
at room temperature. At the time when the present experiments were 
performed, the dried yeast preparations were 6 to 8 months old. Lebedev 
juice is usually prepared from dried yeast by maceration with tap water 
at 37°. In the present work, neutral phosphate buffer was substituted for 
the water, in accordance with the recent experiences of other investigators 
(4) who found that the presence of phosphate ions is beneficial for the 
enzymatic and fermentative activity of yeast extracts. Furthermore, the 
method of salt fractionation here adopted was originally carried out on 
such phosphate extracts from yeast (see below). 

Ammonium Sulfate Fractionation—The relative paucity of information 
on the fundamental properties of the proteins present in yeast extracts 
made the choice of a specific fractionation procedure somewhat difficult. 
It was finally decided to follow the method of ammonium sulfate fractiona- 
tion employed by Green, Herbert, and Subrahmanyan (5) in their attempt 
at isolating yeast carboxylase. Ammonium sulfate has previously been 
used as a stabilizing and extracting agent for this enzyme (6). Inasmuch 
as the aim of the present investigation was the electrophoretic analysis of 
the various components obtainable from yeast extracts by salt fractionation 
rather than the isolation, in pure form, of a specific constituent, such as 
‘arboxylase, all fractions were examined in the Tiselius apparatus without 
regard to their enzymatic activity. 

Electrophoresis Technique—The technique of electrophoretic analysis of 
the various extracts and fractions obtained in this study and the Tiselius 
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apparatus employed were the same as in the preceding report (1). Inas- 
much as it was desirable to establish the experimental conditions most 
likely to yield reproducible results, all solutions were equilibrated against 
the supernatant buffer by dialysis through cellophane at low temperature, 
even though this might cause a loss of enzymatic activity through the 
diffusion of coenzymes and low molecular activators. The buffer chosen 
for the majority of the electrophoresis experiments was prepared by mixing 
94 parts of secondary and 6 parts of primary sodium phosphate; the molar- 
ity with regard to total phosphate was 0.05, the ionic strength was approx- 
imately 0.12, and the pH close to 7.3. In order to ascertain that the protein 
solutions had been properly equilibrated against the buffer, the conductivity 
as well as the hydrion concentration of all solutions was determined after 
dialysis. The non-dialyzable, presumably protein nitrogen of the solutions 
studied varied from 2.3 to 0.15 mg. per ml. It decreased with the progress 
of the fractionation, although the ammonium sulfate precipitates were re- 
dissolved for examination in progressively smaller volumes of solvent. 

The potential gradients employed in the electrophoresis experiments 
ranged from F = 2.6 to 3.6 volts per em. The ground surfaces of the 
electrophoresis cell were lubricated with the vaseline-paraffin oil mixture 
recommended by Tiselius instead of the Celloseal grease employed in the 
previous experiments (1). The diagrams were recorded at a photographic 
magnification factor of 1.074! and were further enlarged 3.45 times by 
projection for tracing purposes and subsequent planimetry. 

The solutions studied in this work were, as a rule, clear; they were either 
colorless or yellow. In order to prevent a shading of the plates due to 
the color which tends to be accentuated by the spectral distribution of the 
light source employed (General Electric mercury high pressure burner, 
type H-4), Wratten panchromatic plates, or Eastman trichromatic X- 
plates, type B, were used for the recording of the electrophoresis patterns 
by Longsworth’s schlieren scanning technique (7). 


Observations and Results 


In the course of this work a total of three fractionations was carried out, 
according to the scheme shown in the accompanying flow sheet. 

Inasmuch as all fractionations were performed in a similar manner, only 
one of them, viz. Preparation 2, will be described in some detail. 

Step I—500 gm. of dried Krueger’s bottom yeast, Batch 12a, were sus- 
pended in 1500 ml. of 0.066 m phosphate buffer of pH 7.2. The suspension 


‘The mobility data reported in the preceding paper (1) were computed on the 
basis of a photographic magnification factor of 1.37. Inasmuch as a recalibration of 
the apparatus revealed that the actual value is 1.074, the mobilities quoted in the 
previous publication were too high by a factor of 1.27. 
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64 ELECTROPHORESIS OF YEAST FRACTIONS 


was stirred mechanically for 1 hour at 36-37° on the water bath. 2000 ml. 
of tap water of room temperature were added and the diluted suspension 
was placed for 1 hour in the refrigerator. It was then centrifuged for 
20 minutes at 2000 r.p.m. The supernatant Lebedev juice (Fraction I) 
which was decanted from the sediment had a volume of 2570 ml. and a 
nitrogen content, as determined by Pregl’s micro modification of the 
Kjeldahl method, of 2.3 mg. per ml. An aliquot of 20 ml. was dialyzed in 
the refrigerator against 2 liters of 0.05 m phosphate buffer, pH 7.7, and 
examined in the electrophoresis apparatus. The diagram obtained in this 
way (Experiment 317) is reproduced in Fig. 1. It discloses the presence 
of five more or less resolved components of a mobility ranging from —0.74 
to —6.0 X 10°° em. per second per volt for the descending boundaries. 
The major amount of material was contained in the fraction of intermediate 
mobility (see Table I). The pattern here obtained resembles that yielded 
by a similar extract in the previous publication ((1), Fig. 9), except that 


























<——DESCENDING ASCENDING——> 
Fic. 1. Electrophoretic diagram of crude, dialyzed Lebedev juice from Krueger’s 
bottom yeast (Batch 12a), Fraction I. 


the resolution of the intermediate fraction is greater in the present instance. 
The nomenclature employed in the present paper with regard to the desig- 
nation of the various electrophoretic components is the same as that used 
previously (1); we do not wish to imply, however, that components bearing 
the same designation are necessarily identical. It is quite possible that the 
quasistationary peaks (designated as y component) are in part buffer and 
protein concentration gradients (boundary anomalies), similar to the 6 and 
€ maxima observed in the electrophoretic diagram of blood serum (ef. (8)). 

Step 1I—The remainder of the Lebedev juice (2550 ml.) was mixed with 
400 ml. of 0.5 mM phosphate buffer, pH 7.0, and then with 200 ml. of m 
calcium acetate solution. The heavy precipitate, consisting largely ef 
calcium phosphate, was centrifuged off (10 minutes at 2000 r.p.m.) and 
discarded. The volume of the clear, yellow supernatant solution (Frae- 
tion I1) amounted to 2810 ml.; the nitrogen content was 2.06 mg. per ml., 
indicating that little if any protein had been adsorbed on the calcium 
phosphate. Of this solution, 20 ml. were equilibrated against 0.05 M 
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STERN, SCHEIN, AND WALLERSTEIN 65 
phosphate buffer, pH 7.7, prior to examination in the Tiselius apparatus. 
The pattern recorded (Experiment 316) was very similar to that obtained 
from the original Lebedev juice (see Fig. 1). The differences in apparent 
mobility of the various components (see Table I) compared with those 
present in the Lebedev juice are possibly due to a slight hydrostatic shift 
which may have occurred during the experiment in the Tiselius cell (note 
the apparent cathodic mobility of the y-boundary). 

Step ITI—TYo the balance of the supernatant fluid remaining after the 
calcium phosphate precipitation (2790 ml.) there were added 964 gm. of 
purified ammonium sulfate to bring the solution to 0.5 saturation. A pre- 
cipitate formed immediately upon addition of the salt. The suspension 
was kept in the refrigerator overnight and was then filtered by suction on a 
large Biichner funnel through filter paper covered with a 3 mm. layer of 




















<— DESCENDING ASCENDING —> 


Fic. 2. Electrophoretic diagram of Fraction IIIb 


Hyflo Super-Cel. The clear, yellow filtrate (Fraction IIIb), upon ex- 
amination (Iexperiment 318) in the Tiselius apparatus after dialysis against 
phosphate buffer, showed a composition somewhat resembling that of the 
preceding solutions but the peaks visible in the electrophoretic diagram 
(Fig. 2) enclose appreciably smaller areas, in keeping with the lower total 
nitrogen content (0.71 mg. of N per ml.). The rest of the filtrate was 
discarded. The filter cake remaining after removing as much of the filtrate 
as possible by pressing was suspended in 750 ml. of 0.04 m citrate buffer 
of pH 6.0. A slight turbidity was removed by filtration and an aliquot 
of the clear, yellow solution (Fraction IIIa) was subjected to electro- 
phoretic analysis (Ey periment 319). The resulting diagram (Fig. 3) showed 
the presence of three to four components with mobilities ranging from 
-0.1 to —6.27 X 10-° em. per second per volt (Table I). The nitrogen 
content of the solution was 1.32 mg. per ml. 

Step IV—The remainder of the solution was brought to 0.5 saturation 
by adding 305 gm. of ammonium sulfate to approximately 800 ml. of the 
solution. After storage overnight in the refrigerator, the suspension was 
filtered by suction through Hyflo Super-Cel. The clear, greenish yellow 
filtrate (Fraction IVb), which contained only a trace of protein, was dis- 
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carded. The precipitate remaining on the filter was dissolved in 500 ml, 
of 0.04 M citrate buffer, pH 6. A small amount of insoluble material wag 
removed by filtration and an aliquot of the clear filtrate (Fraction IVa) 
Was examined in the Tiselius apparatus (Experiment 320). The resulting 
pattern was very similar to that recorded with Fraction [Ila (see Fig. 3), 
as would be expected from the fact that most of the protein material had 
been recovered in this fraction. Fraction [Va contained 1.56 mg. of N 
per ml. or 87 per cent of the total nitrogen present in Fraction IIa. 

Step V—The material, contained in Fraction IVa, representing proteins 
precipitable at 0.5 saturation with ammonium sulfate, was now further 
fractionated as follows: To 530 ml. of solution of Fraction [Va were added 
185 ml. of saturated ammonium sulfate solution, vielding a 0.26 saturated 
solution. After standing in the cold overnight, the suspension was filtered 
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<= DESCENDING ASCENDING——> 


Fic. 3. Electrophoretic diagram of Fraction II]a 


through Hyflo Super-Cel. The precipitate remaining on the filter was 
dissolved in 100 ml. of 0.05 mM phosphate buffer, pH 7.7, and filtered to 
obtain a clear solution. According to electrophoretic analysis (Experi- 
ment 321, Fig. 4) this fraction, designated as Subfraction 1, contained two 
major components (@ and 8) of a mobility of —6 and —4 X 10-° cm? per 
second per volt respectively. The descending patterns revealed, in addi- 
tion, the presence of a trace of a highly mobile material (u = —8.7). 
The nitrogen content amounted to 0.4 mg. per ml. To the filtrate re- 
maining after precipitating Subfraction / at 0.26 saturation with ammonium 
sulfate there were added 350 ml. of saturated ammonium sulfate solution, 
raising the salt concentration to 0.5 saturation. A bulky precipitate 
formed which was filtered off as usual and dissolved in 300 ml. of 0.05 M 
phosphate buffer of pH 7.7. After clarification, an aliquot was examined 
in the Tiselius apparatus (Experiment 322) and found to contain essen- 
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tially material of intermediate mobility (8 components), as shown in 
Fig. 5 and Table I. 

The solution contained 1.64 mg. of N per ml.; it was designated Sub- 
fraction 2. The filtrate remaining after the removal of Subfraction 2 
(volume 990 ml.) was brought to 0.73 saturation by the addition of 870 ml. 
of saturated ammonium sulfate solution. The resulting precipitate was 
dissolved in a mixture of 50 ml. of 0.1 m citrate buffer, pH 6, 50 ml. of 


= = 7 























-<— DESCENDING ASCENDING —> 


Fic. 4. Electrophoretic diagram of Subfraction 1 








_<— DESCENDING ASCENDING—> 


Fic. 5. Electrophoretic diagram of Subfraction 2 


saturated ammonium sulfate solution, and 100 ml. of distilled water, cor- 
responding to 0.25 saturation with regard to ammonium sulfate. An 
aliquot of the filtered solution, called Subfraction 3, was subjected to 
electrophoretic study (Experiment 323). The diagram (Fig. 6) showed a 
relatively large amount of an initially well defined fraction of a mean 
mobility of —4.17 X 10-> cm.? per second per volt and a smaller amount 
of a component of a mean mobility of —6.3. As in the instance of most 
other components here observed, the former showed a considerable tendency 
to spread in the later part of the experiment. The nitrogen content of 
the solution was 0.49 mg. per ml. The filtrate obtained after precipitating 
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Subfraction 3 gave a negative test for protein with sulfosalicvlic acid and 
hence was discarded. The nitrogen content of all three subfractions 
amounted to 73 per cent of the nitrogen content of Fraction IVa; the bulk 
of the nitrogen, viz. 57 per cent, was contained in Subfraction 2, while 
Subfraction 1 contained about 5 per cent and Subfraction 3 represented 
approximately 11 per cent of the nitrogen of Fraction IVa. 

Step VI—Subfraction 3, which, according to Green ef al. (5), would be 
expected to contain the bulk of the yeast carboxylase, was turther frae- 
tionated in the following manner. The remainder of Subfraction 3, 
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ASCENDING ASCENDING 
BoUNDARY } Sis BOUNDARY —> 
hic. 6. Electrophoretic diagram of ia. 7. Electrophoretic diagram of 


Subfraction 3. Subfraction 3b. 


amounting to 180 ml., was first brought to 0.5 saturation of ammonium 
sulfate by the addition of 80 ml. of saturated salt solution. Since no 
precipitate, corresponding to Green’s Subfraction 3a, formed at this stage, 
an additional 143 ml. of saturated ammonium sulfate solution were added, 
raising the salt concentration to 0.67 saturation. The resulting precipitate 
was dissolved in 40 ml. of 0.1 m citrate buffer, pH 6, 40 ml. of saturated 
ammonium sulfate solution, and 80 ml. of water. Of this solution, repre- 
senting Subfraction 3b, 15 ml. were dialyzed against phosphate buffer and 
submitted to electrophoretic examination (Experiment 324). The diagram 
(Fig. 7) showed essentially one, very sharp boundary migrating at pH 7.32 
at a mobility of —5.7 X 10-° cm2 per second per volt in the ascending 
and —6.0 in the descending limb of the apparatus. This boundary, which 
showed only a slight tendency to spread during electrophoresis, would 
correspond to an a component on the basis of its mobility (see Table I). 
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The filtrate obtained after the removal of Subfraction 3b was brought 
to 0.82 saturation by the addition of 292 ml. of saturated ammonium 
sulfate solution to 380 ml. of protein solution. The precipitate which now 
formed was dissolved in 20 ml. of 0.05 m phosphate buffer, pH 7.7, clarified 
by filtration (Subfraction 3c), and studied in the Tiselius apparatus (Ex- 
periment 325). According to the pattern recorded of this fraction (Fig. 8) 
several components of mobilities ranging from —3.0 to —7.1 & 10° em2 
per second per volt (for the ascending boundaries) were present in this 
subfraction. 82 per cent of the material was of 8 mobility (see Table I). 
All boundaries showed a considerable tendency to spread during electro- 
phoresis, in contrast to the boundary observed in Subfraction 3b. The 
nitrogen content of Subfraction 3c was 0.5 mg. per ml. 




















<— DESCENDING ASCENDING——> 


Fic. 8. Electrophoretic diagram of Subfraction 3c 


Step VII—Subfraction 3b, which according to Green contains the enzyme 
carboxylase, was further fractionated as follows: To 140 ml. of Subfrac- 
tion 3b there were added 57.5 ml. of saturated ammonium sulfate solution, 
bringing the solution to about 0.5 saturation. Since no precipitate, corre- 
sponding to Green’s Subfraction 3b,, appeared at this point, 115 ml. of 
saturated ammonium sulfate solution were added, raising the concentration 
to 0.66 saturation. The precipitate which formed was dissolved in 30 ml. 
of 0.04 m citrate buffer, pH 6; the solution was clarified by filtration (Sub- 
fraction 3b2). One-half of this solution was first used for electrophoretic 
analysis (Fig. 9, Experiment 326). Only one boundary of a mobility of 
-5.4 X 10-° ecm.2 per second per volt was recorded on the ascending as 
well as the descending side (see Fig. 10). This boundary, which exhibited 
the mobility of an a-protein fraction, showed a considerably greater 
tendency to spread during electrophoresis than did the single boundary 
observed in Subfraction 3b (compare with Fig. 7). The nitrogen content 
of this solution was less than 0.68 mg. per ml. The material was recovered 
from the electrophoresis cell, combined with the remainder of Subfraction 
3b2, and was precipitated at full saturation with ammonium sulfate. The 
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precipitate was redissolved in 7 ml. of 0.05 m phosphate buffer, pH 7,7. 
and the resultant clear, yellow solution was equilibrated against 2 liters 
of phosphate butfer by dialysis. When this reconcentrated Subfraction 3b, 
Was examined in the Tiselius apparatus, the appearance of the (Fig. 10. 
Experiment 329) electrophoretic pattern in the ascending limb was the 
same as that of the original Subfraction 3b., except for the presence of q 














- €— DESCENDING ASCENDING ——> 


Fic. 9. Electrophoretic diagram of Subfraction 3b. 
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Fig. 10. Electrophoretic diagram of Subfraction 3b., concentrated by ammonium 
sulfate precipitation. 
Fic. 11. Electrophoretic diagram of Subfraction 3bs;. 


trace of a component of lower mobility. The mobility of the main com- 
ponent amounted to —4.4 X 10-> em. per second per volt, which is some- 
what lower than that of the corresponding material in the original sub- 
fraction. This might indicate a modification of the protein under the 
influence of high salt concentration. 

The filtrate from Subfraction 3b. was brought to 0.83 saturation by adding 
330 ml. of saturated ammonium sulfate solution to 330 ml. of the filtrate. 
The precipitate which formed was dissolved in 11 ml. of 0.05 m phosphate 
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buffer, pH 7.7, clarified by filtration (Subfraction 3b;), and subjected to 
electrophoretic examination after equilibration against the same buffer 
(Experiment 327, Fig. 11). As would be expected from the low nitrogen 
content (0.15 mg. per ml.), only a very low peak was observed in this 
subfraction (Fig. 11). The mobility of this material, viz. -—3.6 X 10 cm.? 
per second per volt, was definitely lower than that of the boundary recorded 
for Subfraction 3b2. ‘The mobility values as well as estimates of the relative 
concentrations of the various electrophoretic components observed in these 
experiments are given in Table I. 

No claim is made with regard to the precision of these data. They are 
listed chiefly as an aid in labeling and tracing the individual components. 


DISCUSSION 


The optical resolution of crude dialyzed yeast maceration extracts into 
individual components by the moving boundary method of electrophoresis 
is considerably less complete than that of the proteins in blood serum, for 
example. Under these conditions a successful mechanical separation of the 
individual colloids present in these extracts by preparative electrophoresis 
would not seem to be very promising. However, the present experiments 
show that electrophoretic analysis is useful in determining the success of 
chemical fractionation procedures at every step of the process. As judged 
by the results obtained with this physical tool, half saturation of crude 
yeast extracts with ammonium sulfate does not produce a fractionation as 
decisive as that of blood serum into globulin and albumin components by 
the same means. Especially pronounced in the case of yeast proteins is 
the tendency of coprecipitation of components of high and intermediate 
ammonium sulfate solubility in the early stages of the fractionation pro- 
cedure. From the point of view of extent of separation, Step IT (calcium 
phosphate precipitation) appears to be the least efficient and Step IV 
(fractional ammonium sulfate precipitation) the most effective operation. 
It is also noteworthy that fractions of similar electrophoretic mobility, 
present in the crude extracts, exhibit significant differences with respect to 
their solubility in ammonium sulfate. This is similar to the finding of 
Tiselius (3) that the individual globulin components of blood serum con- 
tain fractions of different solubility in spite of closely similar electro- 
phoretic mobility. 

As may be seen from the diagrams reprgduced in this paper, the pro- 
cedure of Green et al., employed in the purification of yeast carboxylase (5), 
leads to the isolation of a protein component which has a well defined 
mobility (5.4 X 10-5 unit at pH 7.3) and a fair degree of electrochemical 
homogeneity. It should be noted, however, that Green et al. state that 
their enzyme preparation of the highest activity ratio which they were 
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able to obtain was not homogeneous. As is shown in this paper (see 
Figs. 9 and 10), the reprecipitation by ammonium sulfate of the protein 
isolated by Green’s method produces a change in electrophoretic behavior 
and pattern. Upon examination in the analytical ultracentrifuge this ma- 
terial was found to be polydisperse. It would appear, therefore, that in 
highly purified form this protein shows a greater sensitivity towards high 
salt concentration than in the crude extract, an experience not uncommon 
in the field of biologically active proteins. It would be of interest to 
correlate the electrophoretic components here observed with proteins previ- 
ously isolated from yeast; e.g., the crystalline proteins described recently 
by Kunitz and McDonald (9). 


SUMMARY 


The fractionation of the proteins present in yeast maceration extract 
(Lebedev juice), essentially by ammonium sulfate precipitation, has been 
followed by electrophoretic analysis of the various fractions in the Tiselius 
apparatus. 

It could be demonstrated that the procedure employed by Green and 
his associates in the purification of yeast carboxylase leads to the isolation 
of a fairly well characterized protein fraction. This protein occurs in 
the crude extracts only in small amounts and it has been possible to follow 
the elimination of large amounts of ballast proteins and other colloids by 
controlling the chemical fractionation procedures by electrophoretic analy- 
sis at each stage of the process. No attempt has been made to correlate 
specific biological activity with the electrochemical properties of the 
individual components. Data are presented for the electrophoretic mobili- 
ties and approximate relative concentrations of the various colloidal com- 
ponents of yeast maceration extract. 
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ELECTROLYTIC SEPARATION OF BASIC, NEUTRAL, AND 
ACIDIC AMINO ACIDS IN PROTEIN HYDROLYSATES* 


By ERIK SPERBER 


(From Wenner-Gren’s Institute for Experimental Biology, Stockholm, Sweden) 
(Received for publication, June 28, 1946) 


For many years it has been obvious that separation of the different 
classes of amino acids might be achieved by electrophoresis. Theoretically 
it ought to be possible to obtain the monoaminodicarboxylic acids in the 
anodic compartment, the monoaminomonocarboxylic acids in the middle 
compartment, and the dibasic monocarboxylic acids in the cathodic 
compartment of a three cell apparatus. In fact such a separation is 
claimed to have been performed with some degree of exactitude by Theorell 
and Akeson (1), who worked on a micro scale. The main difficulty of the 
method is to keep the pH of the middle cell of the apparatus constant at 
about 6. For this purpose the membranes between the different compart- 
ments must have certain properties, not easily realized. Theorell and 
Akeson used parchment paper and parchment freed from all but the 
epidermal parts by an operation not possible to carry out with areas larger 
than a few sq. cm. 

Another difficulty, which, however, is easier to overcome, is that glutamic 
and aspartic acids are attacked by any chlorine that may be evolved in 
the anodic compartment following the discharge of chloride ions. Gen- 
erally the solutions must be freed of these ions before treatment in the 
electrolysis apparatus. 

If the ideal membrane combination has not been found, the pH of the 
middle compartment changes, causing the neutral amino acids to assume 
anet charge and hence to migrate to the anodic or cathodic compartment. 
Generally the pH turns acid, so that the neutral amino acids migrate 
towards the cathode. The addition of a buffer substance capable of 
keeping the pH between proper limits would prevent this and would make 
the whole process practicable, especially if the membranes were imper- 
meable to the substance in question. 

In recent years such substances have been commercially produced; 
namely the anion-exchanging synthetic resins of the type of Amberlite 
IR-4. These substances have already been used for the purpose of sepa- 
rating amino acids by adsorption, for both analytical (Freudenberg et al. 
(2)) and preparative (Cannan (3)) purposes. 


* Aided by a grant from the Svenska Jiastfabriksaktiebolaget. 
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In reviewing the method theoretically, Cannan found that the presence | 
of hexone bases interfered with the quantitative adsorption of the dicar- 
boxylic acids, a difficulty which he circumvented by using large amounts of 


hydrochloric acid to be adsorbed simultaneously with the amino acids or tai 
by first freeing the solution from the major part of the hexone bases with (10 
phosphotungstic acid. It is obvious that if, as is the case in yeast hy- X) 
drolysates, the solution contains significant amounts of other positive ions : 
such as K’, etc., the latter procedure is of limited value. In such cases it a 
might be expected that electrophoresis would prove a useful method of ph 


freeing the solution from all positively charged ions. XN 
The present author has therefore attempted to combine the two proce- ' 





dures, adsorption according to Cannan, and electrophoresis, in order to 2 
obtain an easy method for the separation of the different classes of amino pre 
acids, sol 
Procedure ? 
A few changes were made in the construction of the electrophoresis es 
apparatus of Albanese (4), a cooling coil being inserted into the central 
compartment. 
The procedure worked out was the following. A protein hydrolysate sa 
in HC] was partially freed from the acid by repeated evaporation to dryness 
in vacuo, dissolved in water, and filtered to remove humin. The solution 
was stirred for a few hours with Amberlite IR-4 and transferred to the ' 
middle cell of an electrophoresis apparatus together with some fresh by 
Amberlite. In all cases the catholyte consisted initially of distilled water cel 
and the anolyte of a dilute sulfuric acid solution. | 45 
The time-current curve followed the course described by Albanese; eat 
the current was not reduced to insignificant values even after a very long | 
time. This was due to the sample of resin used, with which the pH of the | is | 
solution could not be maintained at a value higher than about 4.5 instead pr 
of the ideal value of pH 5.5 to 6.0, which was originally intended. The be 
catholyte solution was therefore neutralized and submitted to the same | cla 
procedure once more and in some cases a third time. 
The pooled samples of Amberlite from the initial treatment and the 
first electrophoresis were treated with strong HCl to elute the monoamino- 1. ' 
dicarboxylic acids, which were then isolated or estimated in the usual 2. 
manner. 4 


It was found that only insignificant amounts of nitrogen migrated into 
the anode solution under these circumstances (e.g , in an experiment with 
yeast hydrolysate 0.5 mg. out of 1800 mg.). Consequently the anolytes 
were discarded in all cases. 
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Results 


As an example of results obtained with the above procedure the following 
experiment may be cited, carried out with a synthetic hydrolysate con- 
taining, in about 300 ml. of solution, arginine (43.7 mg. of N), histidine 
(10.1 mg. of N), glycine (106.8 mg. of N), and glutamic acid (51.4 mg. of 
N). To this were added some ammonium sulfate (about 40 mg. of N), 
potassium phosphate, and invert sugar. After acidification with HCl, the 
solution was treated according to the above procedure with two electro- 
phoreses. After the separation the acid fraction contained 49.5 mg. of 
N organically bound (calculated, 51.4 mg.), the neutral fraction 112.0 mg. 
(calculated, 106.8 mg.), and the basic fraction 51.0 mg. (calculated, 53.8 
mg.). The analysis was carried out in less than 2 days. It seems very 
probable that still better results might have been achieved if the neutral 
solution had been treated once more with Amberlite and subsequently 
subjected to a third electrolysis. The procedure led to practically no loss 
of nitrogen, which is especially valuable if the hydrolysate fractions are 
later to be analyzed for the different amino acids. 

An estimation of arginine in the “‘basic”’ solution of a similar experiment 
revealed that of 62.4 mg. of arginine nitrogen 60.2 mg. could be isolated 
in the form of arginine monoflavianate, a loss of about 3 per cent. 


SUMMARY 


The pH changes in ionophoresis of amino acid solutions can be overcome 
by adding some anion exchanger to the central compartment of a three 
cell apparatus. This will prevent the pH from falling lower than about 
4.5, at which value practically only the hexone bases will migrate to the 
cathode. The glutamic and aspartic acids will largely be adsorbed to the 
anion exchanger (Amberlite IR-4), provided that the anode compartment 
is sufficiently acid. The losses of amino acids are very small during this 
procedure, so that it may be repeated at will, but ordinarily two runs will 
be sufficient to complete the separation of the amino acids into the three 
classes, acid, neutral, and basic. 
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' 4 NOTE ON meso-ERYTHRITOL, A METABOLIC PRODUCT OF 
ASPERGILLUS TERREUS 


By FRANK H. STODOLA 


(From the Fermentation Division, Northern Regional Research Laboratory ,* 
Peoria, Illinois) 


(Received for publication, August 8, 1946) 


In a recent paper (1), we reported the formation of itatartaric acid by an 
ultraviolet-induced mutant of Aspergillus terreus. We have since found 
that by prolonged ether extraction of the concentrated culture liquor 
therein described a brown gum is obtained which, after some months 
standing, deposited large crystals. These crystals (3.25 gm.) could be 
separated from the gum on the basis of their insolubility in methanol. 
Decolorization with carbon and crystallization from 80 per cent alcohol 
gave 2.38 gm. of colorless, tetragonal crystals, m.p. 117-120°. A second 
crop of 0.47 gm. was obtained (m.p. 115-118°). The water solubility, 
neutral reaction, and negative Fehling’s test for reducing sugars suggested 
a polyhydric aleohol. The melting point and analysis (calculated for 
CH Ox, 39.34 per cent C, 8.26 per cent H; found, 39.6 per cent C, 8.34 per 
cent H) indicated the compound to be meso-erythritol. Identity was 
established by a mixed melting point test with an authentic sample of meso- 
erythritol, m.p. 118-121°. The x-ray diffraction patterns of the natural 
and authentic samples were the same. The tetraacetate of the isolated 
product, m.p. 85-86°, was shown by the mixed melting point test and x-ray 
patterns to be identical with the tetraacetate of the authentic sample, 
m.p. 85-86°. The yield of meso-erythritol (2.85 gm.) was small since the 
amount of glucose supplied was 825 gm. 

A survey of the literature shows that, although meso-erythritol frequently 
oecurs in algae and lichens, there has been only one report (2) of the isola- 
tion of this sugar alcohol from mold culture liquors. The molds used in 
this work by Oxford and Raistrick were Penicillium brevi compactum 
Dierckx and Penicillium cyclopium Westling. These investigators point 
out that, in contrast to meso-erythritol, mannitol is a tissue constituent 
of many mold species and is sometimes found in the culture liquor in large 
amounts. 
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DETERMINATION OF ASPARTIC-GLUTAMIC TRANSAMINASE 
IN TISSUE HOMOGENATES* 


By STANLEY R. AMESt anv C. A. ELVEHJEM 


(From the Department of Biochemistry, College of Agriculture, University of 
Wisconsin, Madison) 


(Received for publication, July 29, 1946) 


During the course of studies on the effect of pyridoxine deficiency on 
transaminase activity, it became evident that a simple and rapid method for 
the assay of transaminase in normal and abnormal tissues was necessary. 
In this investigation it was not essential to determine each of the constit- 
uents of the transaminating system but rather to ascertain the concentra- 
tion of a single component in a rapid and exact manner. 

The techniques developed by Cohen and Hekhuis (1) for the study of 
transamination in normal tissues have been widely accepted but the pro- 
cedures are rather slow. Glutamic acid was determined according to Cohen 
(2, 3) by treatment with chloramine-T, followed by hydrolysis to succinic 
acid which could be determined by a preparation of succinic oxidase. Py- 
ruvic acid was determined by the carboxylase method of Westerkamp (4) 
and a-ketoglutaric acid according to Krebs (5) by oxidation with acid per- 
manganate to succinic acid, followed by enzymatic assay. Aspartic acid 
was determined by the method of Cohen (3) by measuring the carbon 
dioxide formation on treatment with chloramine-T. 

Recently Green and coworkers (6) have developed simple and rapid 
methods for the study of transamination. a-Ketoglutaric acid was oxi- 
dized by means of H,O, to succinic acid, which then could be determined 
by succinic oxidase preparations. Oxalacetic acid was determined spec- 
trophotometrically or manometrically by measuring carbon dioxide evolu- 
tion on treatment with aniline citrate (7), according to the principles 
developed by Ostern (8). These analytical techniques were developed spe- 
cifically for purified preparations of transaminase and cannot be directly 
applied to the study of transaminase in whole tissue preparations. 

In this contribution, a method for the determination of oxalacetic acid is 
developed which is applicable to the assay of aspartic-glutamic transaminase 


* Published with the approval of the Director of the Wisconsin Agricultural Ex- 
periment Station. These studies were aided by a grant from the Rockefeller Founda- 
tion. 

t Present address, Research Laboratories, Distillation Products, Inc., Rochester, 
New York. 
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in tissue homogenates. Possible sources of error have been evaluated and 
the precision of the method has been determined. 


EXPERIMENTAL 


Animals were stunned by a blow on the head, decapitated, and 
exsanguinated. The tissues were rapidly extirpated, rinsed with redistilled 
water, and immediately packed in finely cracked ice. After cooling, bits of 
fat and connective tissue were removed and the tissues were blotted be- 
tween moistened filter papers and rapidly weighed on a delicate torsion 
balance. A homogenate of the tissue was prepared by means of the device 
described by Potter and Elvehjem (9) in ice-cold 0.10 m sodium potassium 
phosphate buffer (pH 7.3) with a prechilled tube and pestle. This 
homogenate was pipetted immediately into the reaction vessels to avoid 
destruction of the enzyme by light, as reported by Schlenk e¢ al. (10). The 
dry weights of samples were determined by evaporation to constant weight 
in open crucibles in an electric oven at 110°. 

A conventional Warburg apparatus at 37.0° was used in all experimental 
and analytical work and the pH was determined by means of a Beckman pH 
meter (glass electrode). A summary of the components of the final reac- 
tion mixture is as follows: 0.50 ml. of 0.25 m sodium potassium phosphate 
buffer (pH 7.3) prepared as previously described (11), 0.50 ml. of 0.20 
sodium aspartate, 0.50 ml. of 0.10 mM sodium a-ketoglutarate’ (in one side 
arm), 0.50 ml. of aniline citrate reagent prepared as previously described (12) 
(in the second side arm), the desired amount of tissue homogenate in 0.10 
mM sodium potassium phosphate buffer (pH 7.3), and a sufficient quantity of 
this same 0.10 m buffer to yield a total volume of 3.00 ml. After a 6 to 8 
minute equilibration the stop-cocks were closed and the a-ketoglutarate was 
added from one side arm. The transamination reaction was allowed to 
proceed for exactly 10 minutes and was stopped by adding the aniline citrate 
reagent from the other side arm, and mixed carefully to insure complete 
decomposition of oxalacetic acid. The evolution of carbon dioxide is 
complete within 10 minutes. 

Before applying this reaction system to tissue homogenates there are 
three possible sources of deviations which must be evaluated; namely, the 
effect of the aniline citrate reagent on tissue homogenates, the effect of 
tissue homogenates on the rate of disappearance of oxalacetic acid, and the 
determination of the carbon dioxide evolution at zero tissue concentration. 

In order to determine the effect of the aniline citrate reagent on tissue 
homogenates, a series of determinations was made of the carbon dioxide 


1 Appreciation is expressed to Dr. R. H. Burris for a generous sample of a-ketoglu- 
taric acid, 
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evolution on the addition of different quantities of tissue homogenate in the 
above test system, except that the a-ketoglutarate was omitted. The re- 
sults of numerous determinations of this type with a number of different 
tissues indicated that a value of approximately 0.4 c.mm. of carbon dioxide 
was evolved per mg. of tissue on a wet weight basis (Fig. 1). With this 
figure, suitable correction must be made for each level of tissue used in the 
determination of oxalacetate. This correction must be applied before any 
attempt is made at extrapolation to determine the intercept which repre- 
sents the carbon dioxide evolution at zero tissue concentration. 


300 T T r 





200 


100 





CU. MM. OF CO5 





fe) nite i i 
0 20 40 60 60 


MG. OF TISSUE 


Fic. 1. Determination of transaminase in normal rat kidney. Curve I, evolution 
of carbon dioxide (uncorrected); Curve II, carbon dioxide evolution corrected for 
tissue homogenate (Curve I minus Curve ITI); Curve III, carbon dioxide evolution 
due to tissue homogenate alone (a-ketoglutarate omitted from the reaction mixture). 
The components of the reaction mixture are described in the text, except that a 5 per 
cent homogenate of normal rat kidney was used. Tissue levels are expressed on a 
wet weight basis. 











It has been shown previously that oxalacetic acid spontaneously decom- 
poses at 37.0°. The rate of decomposition is slow enough so that in 10 
minutes only about a maximum of 2 per cent error results from this cause 
(6). However, the possibility of enzymatic oxidation presents a possible 
deviation which was evaluated by setting up a series of experiments in which 
aspartate and a-ketoglutarate were eliminated from the reaction mixture, 
and different levels of oxalacetate were added. Aniline citrate was added 
at zero time in one flask and after 10 minutes incubation at 37.0° in a second 
flask (Table I). Evolutions of carbon dioxide were the same within experi- 
mental error in both flasks at several tissue levels, indicating that no signifi- 
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cant destruction of oxalacetate could be attributed to the tissue homogenate 
when manometric techniques were used. 

The obvious type of control flask, in which a-ketoglutarate only is 
omitted, was found to be unsatisfactory since it did not yield a linear curve 
when tissue concentration was plotted against corrected evolution. A 
method of determining carbon dioxide evolution at zero tissue concentra- 
tion was developed which is similar to that used by Schneider and Potter 


TaBie I 
Effect of Tissue Homogenate on Rate of Disappearance of Oxalacetic Acid 











COs evolution 
Sample No. Liver (wet weight) 
Determination at Determination after 10 min, 
zero time incubation at 37.0° 
| 

mg. | ¢.mm. c.mm. 
1 20 205 208 
2 50 207 217 
3 100 227 219 








The components of the reaction mixture are described in the text, except that the 
a-ketoglutarate and aspartate were omitted and 0.50 ml. of 0.020 m oxalacetate was 
initially present. A 10 per cent homogenate of rat liver was used. 








TaB_e II 
Transaminase Activity of Representative Tissues from Normal Rats 
Tissue OTF (oxalacetate appearance) 
IED, .cxtnkscundbdeemaenesnense) 237 | 
266 Average = 247 
251 
234 o= 12.7 
SE RT Te Pe 94.5 “= 4.9 
Mia trae bPhine acale aus Gea aang wR kre = 68 “= 4.0 
16 





(13) for the assay of cytochrome oxidase. It consists of plotting the carbon 
dioxide evolution, corrected for CO, retention in the tissue (previously de- 
termined), against the tissue concentration for three or more tissue levels 
and extrapolating to the axis to obtain the CO, evolution at zero tissue con- 
centration (Fig. 1). This intercept value is subtracted from each of the 
experimentally obtained CO, evolutions to obtain the true CO, evolution as 
a function of the tissue level employed. 

The calculation of the transaminase activity from the uncorrected carbon 
dioxide evolution obtained as described in a previous paragraph entails two 
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steps. First a correction is subtracted to account for the CO, retention in 
the tissue itself and amounts to 0.4 c.mm. of CO, per mg. of tissue on a wet 
weight basis. Secondly, these corrected CO, evolutions are plotted against 
tissue concentrations for three or more tissue levels. The CO, evolution at 
zero tissue level obtained by extrapolation is subtracted from each of the 
several corrected CO, evolutions to yield a value of CO, evolution which can 
be related directly to oxalacetate formed and therefore to enzyme present. 

The transaminase level in the heart muscle of a series of white rats was 
determined to ascertain the experimental error of the determination. With 
four animals, an average Qy was found to be 247 with a o of 12.7. Table 
II shows the transaminase values obtained for a number of tissues from 
normal rats and, in cases in which the precision was determined, it 
was found to correspond with that given for heart muscle. 


DISCUSSION 


The proposed method has proved satisfactory for a number of different 
tissues of both plant and animal origin. In addition to normal rats the 
tissues from rats on a vitamin Be-deficient diet have been analyzed in a 
satisfactory fashion. The technique has been used by Burris and Kreko? 
for the study of transaminase in the embryonic tissues from wheat, oats, and 
barley. It is anticipated that by ascertaining the possible errors, as indi- 
cated in the experimental section, this technique may offer a rapid and pre- 
cise method of comparing the transaminase activity of tissues from both 
plants and animals. 

Since this method is adapted for tissue preparations from the one proposed 
expressly for purified enzymes by Green et al. (6), the question of the method 
of expression of results is raised. The Q notation has become well estab- 
lished and accepted in enzyme literature. Cohen and Hekhuis (1) used the 
Q, value exclusively, but this notation suffers when used for transaminase, 
since there is no indication of the incubation time and the Q, varies 
markedly with the time of incubation. Green et al. (6) have standardized 
the incubation time and proposed as a unit of transaminase activity an 
amount of enzyme which produces ‘‘an amount of oxalacetic acid equivalent 
to 100 c.mm. of CO, formed per 10 minutes at 38°.” However, when ap- 
plied to tissues these units must be referred to the weight of tissue on a dry 
weight basis, and for this purpose it is not as convenient as the well stand- 
ardized Q notation. 

In order to obviate the difficulty experienced in relating the Q, to the time 
of incubation, it is proposed that the time in minutes be indicated by a 
superscript. Thus Q* would indicate the c.mm. of carbon dioxide liberated 


* Burris, R. H., and Kreko, M. J., private communication. 
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from an equivalent amount of oxalacetate formed in a 10 minute incubation 
period per mg. of dry weight of tissue added. It is believed that this con- 
vention offers some measure of reproducibility in a system in which the rate 
of the reaction varies with incubation time. 


SUMMARY 


1. A rapid, precise, analytical method for the determination of aspartic- 
glutamic transaminase activity in tissue homogenates is described, based 
on the determination of oxalacetic acid by the use of aniline citrate. 

2. A number of sources of possible deviation have been evaluated, 
methods of correction have been devised, and the precision of the method 
determined. 

3. The transaminase activity is reported for a number of tissues of nor- 
mal albino rats. 

4. The use of the notation Q’? is proposed in which the superscript in- 
dicates the incubation time in minutes. 
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THE CONJUGATED, NON-PROTEIN, AMINO ACIDS OF PLASMA 


II. A STUDY OF DEPROTEINIZING TECHNIQUES 
By HALVOR N. CHRISTENSEN anp ELEANOR L. LYNCH 
(From The Mary Imogene Bassett Hospital, Cooperstown, New York) 
(Received for publication, July 25, 1946) 


Analyses reported recently (1) showed small and variable concentrations 
of bound a-amino acid nitrogen, released by acid hydrolysis, in tungstic 
acid filtrates, trichloroacetic acid filtrates, and ultrafiltrates of human 
plasma. The similarity of the quantities found in ultrafiltrates and tung- 
stic acid filtrates in two cases suggested that the conjugates were diffusible 
through cellophane. In the present communication evidence is presented 
to show that the amino acid combinations of human plasma filtrates in- 
clude non-diffusible conjugates, presumably proteins, and hence that de- 
proteinization by these agents is inadequate for the determination of 
peptides. Serum, on the other hand, was found to contain not only more 
non-diffusible combined amino acids soluble in TCA (trichloroacetic acid) 
than the plasma from which it was derived, but also substantial quantities 
of amino acid combinations diffusible through cellophane. 

Another question which concerned the validity of our analyses was 
studied first: Are the proteins of plasma stable under the conditions of 
sampling and deproteinization? The possibility that proteolysis occurred 
either before or during deproteinization must be considered, since (a) pro- 
teolytic proenzymes are present in plasma, which may be activated by 
chemical agents such as TCA (2-5); (b) increases in the conjugated amino 
acids soluble in TCA occur in the clotting of plasma (1). 

The following criterion was proposed as evidence for freedom from inter- 
ference by proteolysis. The conjugated amino acids found in filtrates 
should not be increased by reasonable prolongation in the periods of ex- 
posure to sampling or deproteinization conditions. This criterion was 
met with tungstic acid deproteinization. The total a-amino acid nitrogen 
values (by acid hydrolysis) were reproducible and constant for plasma for 
3 to 5 hours after blood was drawn (Table I); the totals reached minimum 
values more than 10 minutes but less than 30 minutes after tungstic acid 
was added and showed no tendency to increase (Table II). 2.5 per cent 
TCA filtrates on the other hand reached minimum values so gradually (an 
interval of at least 2 to 8 hours between the addition of TCA and removal 
of the precipitate was required (Figs. 1 and 2)) that the possibility of 
proteolysis could not be excluded. The total a-amino nitrogen of TCA 
filtrates gradually approached the value for the tungstic acid filtrate of the 
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same plasma. 4 per cent TCA, a strength more frequently employed, re. 
quired an hour or more to yield filtrates containing minimum total a-amino 
nitrogen, with no evidence for a subsequent rise. None of our plasma 


TABLE I 
Effect of Varying Time Interval from Addition of Tungstic Acid to Removal of Protein 
Precipitate by Centrifugation 
Values are in mg. per cent of a-amino N and each value is an average of two or 
more analyses. 





| Total a-amino nitrogen 


Free a-amino 

















Plasma No. nitrogen | Time interval 
| 10 min. 30 min. 130 min. 180 min. 
} | pi ek —————— 
R77 4.51 5.14 4.91 
R78 =| 3.70 4.90 | 4.55 
RS4 4.52 4.37 +.40 4.39 








Tas_e II 
Reproducibility of Values Found for Total a-Amino Acid N in Duplicate Deprotein- 
izations by Tungstic Acid; Effect of Storage of Plasma before Deproteinization 
The values are in mg. per cent of a-amino N and are averages of duplicates. Each 
total a-amino N represents a separate deproteinization. 





Interval from venipuncture to deproteinization, at room temperature 











Pome Me. | About 15 min. 2 hrs. 3 hrs. | 5 hrs. 
wn } Total Total | Total Total 
PSs 3.91 4.40 4.48 
1.39 4.43 | 
P90 3.74 4.25 1.26 
4.24 
1.25 
M4 4.29 4.67 4.67 
M10 1.23 4.53 
4.47 
M12 3.71 3.96 
4.11 | 


filtrates became turbid upon standing. In the experiments reported previ- 
ously (1) the protein precipitate by TCA was filtered after 30 minutes 
through a paper so small that 1 to 3 hours was required for filtration, 
whereas in the present experiments the precipitates were removed by cen- 
trifugation, followed by filtration of the supernatant. Under the former 
conditions the total a-amino nitrogen values were nearly minimum, whereas 
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|,re- | if filtration was through a large paper and completed in a few minutes the 
nino | values were much higher. 
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Fic. 1. Decrease of total a-amino acid found with time of contact of plasma with 
trichloroacetic acid (TCA). Curve A, 4 per cent TCA by adding plasma to 9 volumes 
of TCA; Curve B, same plasma sample, 4 per cent TCA by adding 20 per cent TCA to 
_ diluted plasma. The other curves are for three different plasmas deproteinized by 
—e | 25 per cent TCA. 
revi | The plasma-serum differences in conjugated a-amino nitrogen of TCA 


nutes | filtrates observed earlier (1) were uniformly observed in the present ex- 
t100, | periments, whether deproteinization by TCA proceeded for 30 minutes 
Cen | o8 hours (Fig. 2; Tables III andIV). There was no evidence that heparin 
omer | modified the rate of protein precipitation. These new soluble conjugates 
ereas | were observed within 15 minutes of drawing blood, before visible clotting 
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had occurred (Table III); hence their formation appeared to be an early 
event in blood coagulation. The conjugates were apparently not formed 
by fibrinolysis, since serum prepared by defibrination of plasma and im- 
mediately deproteinized contained as large a concentration as serum left 
in contact with the fibrin clot for 2 hours. 

Do Deproteinizing Techniques Remove Proteins Completely?—This ques- 
tion was emphasized by the observation of Beckman, Hiller, Shedlovsky, 
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Fig. 2. Comparison of the behavior of plasma and serum with trichloroacetic acid. 
2.5 per cent TCA except as indicated. Plasma B contained 3.76 mg. per cent of free 
a-amino N ; Serum B (derived from Plasma B) contained 3.99 mg. per cent. 


and Archibald (6) of a protein in urine soluble in 0.25 m TCA. We have 
found that within the error of measurement all of the conjugated a-amino 
nitrogen in tungstic or picric acid filtrates of six normal plasmas was not 
diffusible through cellophane (4 days with rotation) (Table IV). Picrie 
acid filtrates of plasma were intermediate between tungstic acid filtrates and 
TCA filtrates in their content of conjugated a-amino nitrogen. The pres- 
ence of dialyzable bound a-amino nitrogen in TCA filtrates was not as 
satisfactorily excluded as with the other two types of filtrates, but the 
concentrations were not over 0.04 to 0.3 mg. per cent. 
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TCA filtrates of serum on the other hand contained in three cases 0.70, 
0.46, and 1.10 mg. per cent of diffusible conjugated a-amino nitrogen 
(Table [V). Of the total increase of conjugated a-amino nitrogen soluble 
in TCA produced by coagulation about half was diffusible. 

Ultrafiltration and Dialysis of Plasma—In two former experiments (1) 
values for conjugated a-amino nitrogen in ultrafiltrates and tungstic acid 
filtrates were similar, suggesting that the latter reagent produced complete 
deproteinization. When, however, serial portions of ultrafiltrates were 


TaBLe III 


Time Relationships in Formation of Extra, Trichloroacetic Acid-Soluble, Conjugated, 
a-Amino N in Coagulation of Plasma 

Protein precipitates were removed 2 hours after adding trichloroacetic acid 
(TCA), except that with Plasma and Serum Q98, the 2.5 per cent TCA precipitate 
was removed after 5 hours. Sera Q98 and K38 were deproteinized 2 hours, Serum 
L34, } hour, after coagulation began. Plasma K38 was defibrinated by whipping 
for a minute and the serum deproteinized at once. 

Values are in mg. per cent of a-amino N and are averages of duplicates. 











Picric acid) Tungstic 2.5 TCA | 4 Percent 
| Sample Free a: | filtrate. | Sitrate. | gitrate, 
| amino N Total Total 
| 
Q98 Plasma, heparinized at once 4.17 5.21 4.85 
= " after 15 min, 6.22 
| Serum 4.96 6.24 5.74 
L34 | Plasma, heparinized at once 4.16 5.07 
™ * after 5 min. 5.09 
| “ “ “ 15 “ 5. 15 
Serum 4.20 5.99 
K38 | Plasma 4.07 5.05 
| Serum by defibrination 5.84 
“ as usual 4.16 5.76 














analyzed, the filtrate formed during the first 6 hours was found to contain 
less total a-amino nitrogen (4.27 mg. per cent) and that formed during the 
subsequent 12 hours more (4.60 mg. per cent) than did a tungstic acid fil- 
trate (4.42 mg. per cent). During the interval required to obtain adequate 
filtrate, proteolysis apparently occurred; so that the conjugated a-amino 
nitrogen found would vary with the length of time allowed for ultrafiltra- 
tion. Dialysates of normal plasma prepared according to Hamilton and 
Archibald (7) (with 3 to 4 hours of dialysis) contained practically no con- 
jugated a-amino nitrogen, although serum again showed diffusible amino 
sid conjugates (Table V), in this case without the intervention of chemical 
reagents other than water. 
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Tassie IV 


Diffusibility through Cellophane of Conjugated a-Amino Nitrogen of Various Filtrates 
of Plasma and Serum; Comparison of Deproteinizing Agents 


Values are in mg. per cent of a-amino N and are averages of duplicates. 






































| 2.5 cent 
Tungstic acid Picric acid trich * need mel 
aci tn coment 
| Bound | Bound Bound | trithieno. 
eee acetic 
Free B B Free B B B i 
| aie. | dinly-| | die. | diely- | aier- | dicly.| °™ 
ence* | sist ence* | sist | ence* | sist 
| 
hes. 
Plasma Q95........ | 0.75 | 3.67 | 0.75 | 
“ MI | | 09 | 3.99 | 0.51 | 
“ M4 | 0.37 4.29 | 0.34 | 
“ M6... 10.15 | 0.16 | 3.59 | | 
« Mi0..... | 0.24 | 0.19 | 4.23 | 0.32 | 0.28 
| | 0.40 | 0.35 | 3.71 | 0.63 | 
ee | 0.26 | 0.42 | 3.30 | 0.30 | 0.31 
“ Midt..... 7 | | 3.76 | | 0.98 | 0.88} 2 
“  N22.........| 4.32 | 0.36 | 0.34 | 0.33 | 0.69 2 
| | | 
“  MB8..........| 4.80 | 0.09 | | 1.96 | 1.67] 0.5 
«“ MB ey 0.67 | 0.63 | 5 
Serum MS... ...| 4.41 0.55 2.03 | 1.33] 5 
Plasma MI6.........| 0.2 | 4.02 | 0.38 1.05 | 0.89] 5 
Serum MIl6......... | 4.23 | 1.92 | 1.46] 5 
ae eerste ee) 1.93 | 0.83| 2 





* The increase in a-amino nitrogen produced by acid hydrolysis. 
+ The non-diffusible total a-amino N, by exhaustive dialysis of filtrates. 
¢t Carcinoma of pancreas; serum bilirubin 19 mg. per cent; serum alkaline phos- 
phatase 46 King units. Sample obtained through the courtesy of Dr. G. M. Mac- 
kenzie. 
TaBLe V 


Dialyzable Conjugated a-Amino Acid N of Plasma and Serum 


Direct dialysis in the apparatus of Hamilton and Archibald (7). Values are mg. 
per cent of a-amino N and are averages of duplicates. 














| jugated 
| Volume | Period of | a-amino N, | Total “dius 
Sample : ee vt. iq’ | a-amino N, | a-amino N 
| dialyzed dialysis | piase « -— dialysate (by der 
ml. Ars. 
SS a 3 4 | 3.74 3.74 0.00 
Serum L34...... seeed] 3 3.5 | 4.20 4.81 0.61 
IY, Soe gs aa eb hk 2 3 4.07 4.14 0.07 
ER Lads du retavarives 2 3 4.16 4.93 0.77 
NS chwidie datitivd 3 3 2.37 2.89 0.52 











* From a patient, age 3 years, 22 hours after burns covering 28 per cent of the 
body surface. Sample obtained through the courtesy of Dr. M. A. McIver and Dr. R. 
D. Johnson. 
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EXPERIMENTAL 


Plasma was separated from venous blood of fasting persons and collected 
in a heparin-containing syringe. For the preparation of serum, blood was 
centrifuged in a paraffined tube and the plasma separated and permitted 
toclot. After 2 hours the serum was separated. The heparin-containing 
plasma was also allowed to stand 2 hours before deproteinization when 
plasma and serum were being compared. Ten normal donors are repre- 
sented in these experiments. 

Procedures employed previously (1) were modified as follows: Protein 
precipitates were separated by centrifugation, 15 and 30 minutes after 
addition of the precipitant in the case of picric and tungstic acids, respec- 
tively, unless otherwise indicated. The supernatant solutions were then 
filtered. Hydrolyses were performed in sealed tubes in an oven for 24 
hours at 105°. Corrections for the CO, evolution from urea were calcu- 
lated on the basis of urea estimations (8). At the suggestion of Dr. Hamil- 
ton, hydrazine sulfate was included in the 2 N lactic acid solution rather 
than in 0.5 N sodium hydroxide, in the manometric estimation of a-amino 
nitrogen. 

Picric acid was used for deproteinization according to the directions of 
Hamilton and Van Slyke (8). The removal of picric acid before acid 
hydrolysis proved necessary. Aliquots of filtrates were made to 0.2 N in 
hydrochloric acid and extracted in a continuous extractor for 4 hours with 
peroxide-free ether (this was twice the interval required to eliminate the 
color of picric acid). The aqueous solutions were concentrated in vacuo 
to remove ether before hydrolysis. Glutamine added to plasma was re- 
covered satisfactorily as total a-amino nitrogen by our procedures with all 
three protein precipitants. 


DISCUSSION 


According to our interpretation the results described here vitiate all 
evidence advanced heretofore for the normal or pathological presence of 
polypeptides in plasma. In those investigations in which reliance has 
not been placed upon chemical deproteinizing agents, serum was employed 
and dialysis periods were apparently prolonged (9, 10). We are investi- 
gating whether or not dialyzable, conjugated amino acids are present in 
body fluids in disease, and how long they persist in plasma after the in- 
wavenous administration of partially hydrolyzed proteins. 

The amino acid conjugates of plasma which are soluble in tungstic and 
jieric acids have some of the properties of proteins and may be related to 
the globulin-like material soluble in trichloroacetic acid, observed in the 
wine of a number of patients (6). Proteins soluble in TCA were said 
tobe present also in plasma. With tungstic acid deproteinization at least, 
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the amount of conjugated amino nitrogen found was reproducible but 
showed a considerable range of variation. Tungstic acid filtrates have 
shown no turbidity upon being brought to 0.5 per cent with picric acid or to 
0.25 m with TCA, suggesting that the fraction present in tungstic acid fiJ- 
trates was also present in the other two types of filtrates. 

An early event in the clotting of plasma appears to be the formation of 
amino acid conjugates soluble in TCA, part diffusible through cellophane, 
part not diffusible. Both of these moities may be products of proteolytic 
action upon plasma proteins. Interestingly, the diffusible compounds 
were precipitated in deproteinization by tungstic acid. The prevention 
of this event does not require the addition to plasma of an antiproteolytic 
agent (which heparin appears to be (11, 5)) since oxalate also prevents the 
change (1). 

Analytical Implications—The foregoing observations have several impli- 
cations for the precise determination of non-protein nitrogen in biological 
material too obvious to require discussion. 

The following procedure is proposed for the estimation of conjugated 
non-protein a-amino acids in fluids or tissues. The material is immediately 
extracted with picric or trichloroac * ic acid (at least in the case of serum (1) 
and of peptone (12), the latter is more inclusive). The filtrates are then 
acidified and extracted with ether to remove the deproteinizing agent, 
concentrated in vacuo to remove ether, and aliquots dialyzed against a 
measured volume of water. Aliquots of the dialysate are hydrolyzed by 
acid and the total diffusible a-amino nitrogen determined. The free a-amino 
nitrogen is determined promptly upon the original picric acid filtrate, or 
upon the ether-extracted TCA filtrate. This procedure attempts to elim- 
inate proteolytic action by removing most of the protein before dialysis is 
undertaken.' For the analysis of plasma, blood should be drawn with a 
heparin-containing syringe. Dialysates prepared according to Hamilton 
and Archibald (7) of plasma and other fluids are suitable for examination 
for conjugated amino acids, except that, in case of a positive finding, pro- 
teolytic action during dialysis must be ruled out. Thus it is not known 
whether the plasma of the burned patient of Table V contained peptides or 


increased proteolytic activity. 
SUMMARY 


1. Filtrates of plasma by tungstic acid contain reproducible amounts of 
conjugated a-amino acids. The amounts were not varied by storing the 


1 Further application of these procedures has indicated that the plasma of nor- 
mal persons contains dialyzable amino acid conjugates at some times and not at 
others. Non-dialyzable conjugates probably cannot account for all of the high 
concentrations of conjugates observed in some tungstic acid filtrates in our earlier 
communication (1). 
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plasma 3 to 5 hours or by several hours contact with the precipitant. This 
constancy is taken as evidence that proteolysis during handling does not 
contribute appreciably to the total a-amino nitrogen found. 

2. Plasma filtrates by tungstic, picric, and trichloroacetic acids con- 
tained increasing amounts of conjugated amino acids in the order named. 

3. Filtrates of plasma by tungstic, trichloroacetic, and picric acids con- 
tained appreciable amounts of conjugates not diffusible through cello- 
phane. These substances accounted, in several cases, for all of the con- 
jugated amino acids of plasma. Hence deproteinization by these agents 
cannot be relied upon for the determination of plasma peptides. 

4, The conjugated a-amino nitrogen of trichloroacetic acid filtrates of 
plasma decreased with increase of the interval between addition of the 
precipitant and removal of the precipitate, for 2 to 8 hours with 2.5 per 
cent trichloroacetic acid and for an hour with 4 per cent. 

5. The clotting of plasma produced increases in the conjugated a-amino 
acids of trichloroacetic acid filtrates. The increase was observed in some 
cases before coagulation was evident, and was not dependent upon contact 
between serum and fibrin. The increases were not significantly modified 
by varying the time interval for deproteinization or the strength of the 
trichloroacetic acid. Of the extra conjugated a-amino nitrogen in the 7 
filtrates about half was diffusible through cellophane. Brief dialysis of q 
serum itself also demonstrated diffusible amino acid combinations. Thus 
serum, in contrast to plasma, contained considerable concentrations of 
conjugated, dialyzable, a-amino acids. 
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Technical assistance was rendered by Ann §S. Christensen and Paul 
Fenimore Cooper, Jr. 
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THE INACTIVATION OF DIETHYLSTILBESTROL IN VITRO 


By HELEN ZIMMERBERG 


(From the Department of Physiology and Pharmacology, Duke University 
School of Medicine, Durham, North Carolina) 


(Received for publication, June 10, 1946) 


Heller (1) has reported that estrone and estradiol are inactivated by 
liver slices and liver mince. Zondek e al. (2) confirmed this result and also 
demonstrated that estrone is inactivated more rapidly than stilbestrol. 
In his work with estradiol Heller has shown that oxidation, and not con- 
jugation, is responsible for the loss of biological activity. Bernheim and 
Bernheim (3) have observed that phenol is inactivated by guinea pig liver 
slices and that both conjugation and oxidation are responsible. Using 
liver slices from one strain of rats, DeMeio and Arnolt (4) found that 
conjugation of phenol could take place with either sulfuric or glucuronic 
acid. The results obtained by these workers suggested the possibility 
that stilbestrol might be oxidized or conjugated, and therefore its inactiva- 
tion by rat liver slices in vitro was studied in detail. 


EXPERIMENTAL 


Rat liver slices were used in most of the experiments. They were 
suspended in Krebs’ bicarbonate solution which was saturated with a 
95 per cent O-5 per cent CO» gas mixture. The experiments were carried 
out in this atmosphere with the slices suspended in 4.0 ce. of solution in 50 
ec. Erlenmeyer flasks and shaken at 37°. 10 mg. of diethylstilbestrol were 
rubbed into a paste with 0.15 ec. of 10 percent NaOH. 2 cc. of water were 
then added and the suspension stirred until all of the material was in solu- 
tion. The solution was made up to 9 cc., 4 N HCl were added until a faint 
cloudiness resulted, and finally it was made up to 10 cc. 

Stilbestrol was added to the flasks just before they were put in the bath. 
Experiments were set up in duplicate with controls to which no stilbestrol 
was added and controls to which stilbestrol was added at the end of the 
incubation period. 1 ec. of 20 per cent trichloroacetic acid was added to 
all the vessels and allowed to act for 10 minutes, and then 4 cc. of 95 per 
cent ethyl alcohol were added. Without the alcohol it is impossible to 
recover the stilbestrol, for it is readily adsorbed on the slices. After 10 
minutes in alcohol the solution was decanted, centrifuged, and the stil- 
bestrol remaining in the liquid estimated by the Tubis and Bloom (5) 
modification of the Folin and Ciocalteu method (6). When stilbestrol 
was added at the end of the incubation period to unboiled tissue, 98 to 100 
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per cent was recovered. The same recovery was obtained when stilbestro] 
was incubated with boiled tissue. The accuracy of the estimation is within 
5 per cent. 

In Tables I to III the ‘““Amount added” represents the amount recovered 
from those vessels to which the stilbestrol was added at the end of the 
incubation period. This eliminates errors in decanting. For the hydroly- 
sis the centrifugate was divided into thirds. One part was analyzed as 
such. To another 0.3 cc. of concentrated HCl was added and the solution 
autoclaved for 15 minutes at 24 pounds pressure. To the third part 03 
ec. of concentrated HCl was added and the solution placed in a boiling 
water bath for 30 minutes. Both portions were neutralized with NaOH 
and the solutions transferred to 100 cc. volumetric flasks with two washings 
of 1 ec. 95 per cent ethyl alcohol each. The stilbestrol was then estimated 
in each of the three parts. 

There is some loss of free stilbestrol on autoclaving and boiling, and to 
take this factor into account the centrifugate from the vessels to which 
stilbestrol was added after the incubation period was always autoclaved 
(or boiled) at the same time and under the same conditions as the experi- 
mental tubes. When the solution is autoclaved for 1 hour instead of 15 
minutes, the percentage conjugation remains the same. Therefore, the 
assumption seems justified that the conjugated stilbestrol is rapidly hydro- 
lyzed and that the loss in the experimental tubes is the same as in the con- 
trol. The amount of stilbestrol left in these control tubes is considered 
the amount added for those parts of the experiment in which these tech- 
niques are used. 

Under the conditions of the experiments, half of the stilbestrol disappears 
rapidly when added to liver slices, but never more than this. This value 
is constant when 0.05 to 0.4 mg. of stilbestrol is incubated with 300 to 600 
mg. of tissue slices and reaches its maximum during the first half-hour. 
With 150 mg. of tissue, the maximum is reached in 3 hours. These results 
are shown in Table I and Fig. 1. 

The color developed in the estimation of stilbestrol represents the action 
of both the hydroxyl groups, since both are equally capable of reducing the 
reagent. Therefore, it seems likely that the apparent disappearance of 
no more than 50 per cent of the added stilbestrol means that, although all 
the molecules react, only one of the hydroxyl groups per molecule takes 
part in the reaction. 

The disappearance of the stilbestrol might be the result of oxidation or 
conjugation. If conjugation occurs, the stilbestrol should be recovered 
after autoclaving, and this happens when the concentration of stilbestrol 
is small (up to 0.2 mg. per 4.0 cc.; see Table II). With larger amounts, the 
proportion which is recoverable decreases, although the percentage dis- 
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TaBLeE I 
Effect of Various Conditions on Disappearance of Stilbestrol 























Tissue slices Time of incubation Amount added Amount recovered Disappeared 
més. hrs. me. mg. per cent 
150 0.5 0.385 0.296 22 
150 3.0 0.100 0.050 50 
150 3.0 0.390 0.192 51 
300 0.5 0.109 0.053 50 
300 0.5 0.368 0.193 48 
300- 3.0 0.049 0.023 53 
300 | 3.0 0.197 0.100 49 
300 3.0 0.410 0.223 46 
600 3.0 0.138 0.070 49 
600 3.0 0.394 0.200 49 
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Fic. 1. The disappearance of 0.39 mg. of stilbestrol incubated with 160 mg. of rat 


liver slices at 37°. The tissue controls have been subtracted. 


appearance does not change. 


nism, probably oxidation, is available under these conditions. 





This suggests that there is a limit to the 
amount of stilbestrol which can be conjugated, and that another mecha- 
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It has been shown that phenol can be conjugated with sulfuric or glucu- 
ronic acids. The sulfate esters are readily hydrolyzed by boiling, but the 
glucuronates require autoclaving. Under the conditions described above, 
about half of the stilbestrol which disappears can be recovered on boiling 
(see Table II) and the other half after autoclaving. If, however, the liver 
slices are suspended in Ringer’s solution in which the MgSO, is replaced by 
MgCl, the amount which can be hydrolyzed by boiling is very much 
smaller. This small amount probably represents the use of sulfate already 


TaBLe II 
Effect of Concentration of Stilbestrol on Percentage Conjugated by 160 Mg. (Wet Weight) 
of Rat Liver Slices Incubated 3 Hours at 37° 
The contents of each vessel were divided into three equal parts. Therefore, 
Column 1 represents one-third of the total amount added and Columns 4 and 7 show 
the loss due to autoclaving and boiling respectively. The tissue controls have been 
subtracted. 











: Amount Amount Amount 
Amount | Amount —— a added spenvenad Conju- i commana’ Conju- 
added | recovered control) fw — gatedt (boiled) oiling gatedt 
(1) (2) (3) (4) (S) (6) (7) (8) (9) 
me. mg. per cent mg. még. per cent még. mg. per cent 
0.077 | 0.044 43 0.071 0.068 91 0.071 0.053 42 
0.094 0.058 39 0.083 0.075 69 0.078 0.058 33 
0.120 | 0.073 40 0.105 0.085 52 0.112 0.081 30 
0.140 0.081 41 0.126 0.095 39 0.121 0.081 15 
































* Per cent disappeared = 100 — (amount recovered) /(amount added) X 100. 
(% disappeared in control) — (% disappeared on 
autoclaving) 





Per cent conjugated = - - 
t “— % disappeared in control 


present in the slices (see Table III). At the same time the amount hydro- 
lyzed by autoclaving is decreased, although conjugation is still taking place 
to a considerable extent. Since part of the conjugation requires the 
presence of sulfate, it can be concluded that a sulfate ester is formed. The 
part that does not require sulfate and which requires autoclaving for the 
recovery of the free stilbestrol may be a glucuronate ester. 

The relationship of the weight of slices used in each vessel to the con- 
jugation was studied and it was found that with 0.1 mg. of stilbestrol the 
per cent conjugated was the same for 150, 300, and 600 mg. of tissue slices. 
This was also true when 0.4 mg. was used. However, as shown by Table I, 


the time required for completion of the reaction is decreased as the weight 
of the tissue slices increases. 
Kidney slices cause little or no disappearance of stilbestrol. 


When there 
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is some disappearance there is no evidence of conjugation. 98 per cent of 
the stilbestrol incubated with boiled liver slices or with cyanide is recovered. 
The results indicate that the mechanisms responsible for the disappearance 
are thermolabile and are inhibited by cyanide. 

Liver suspensions were studied in order to determine whether conjuga- 
tion would occur in broken cells. It has been reported (2) that liver sus- 
pensions inactivate 80 per cent of the added stilbestrol, estimated by its 
biological activity. To prepare the suspensions 6 gm. of rat liver were cut 


TaBLe III 


Effect of Presence Or Absence of Sulfate Ion on Amount of Stilbestrol Conjugated 

0.25 mg. of stilbestrol was incubated with 160 mg. of rat liver slices for 3 hours at 
27°. The contents of each vessel were divided into three equal parts. Therefore 
Column 1 represents one-third of the total amount added and Columns 4 and 7 
show the loss due to autoclaving and boiling respectively. The tissue controls have 
been subtracted. 











, Amount Amount. . Amount 
Amoun . recovered * Amoun recov- 
Amount | “recoy- | Disap. | added | “atter | CODIU- | “added | ered Conjugatedt 
added | “ered | Peared® |} (auto; | auto- | S*tedt | (boiled) | after 
claving boiling 
(1) (2) (3) (4) (5) (6) (7) (8) (9) 
mg. meg. per cent meg. meg. per cent meg. me. | per cent 


0.083 | 0.054 35 0.071 | 0.054 34 | 0.074 | 0.048 7 No sulfate 
0.082 | 0.048 | 42 | 0.068 | 0.051 36 | 0.070 | 0.046] 14 
0.082 | 0.057 | 31 | 0.070/ 0.056; 35 | 0.072/0.050| 0 
0.077 | 0.044 | 43 | 0.071 | 0.068| 91 | 0.071 | 0.053| 42 Sulfate 
0.081 | 0.053 | 35 | 0.082t) 0.084 100 | 0.080t| 0.062 | 37 
































* See foot-note to Table II. 

t See foot-note to Table IT. 

t In this particular sample there was no destruction of the stilbestrol after auto- 
elaving or boiling. In all other experiments the destruction of stilbestrol with or 
without sulfate varied between 10 and 15 per cent. 


into small pieces, added to 35 cc. of Ringer-bicarbonate solution previously 
saturated with 95 per cent O.-5 per cent CO, gas mixture, and ground in a 
Waring blendor for 30 seconds. 4 cc. of the resulting suspension were used 
in each vessel and the appropriate amount of stilbestrol added to the 
experimental vessels. The same types of controls were set up for the 
suspension as for slices. The results can be summarized as follows: After 
3 hours incubation with 0.3 mg. of stilbestrol 32 to 48 per cent had disap- 
peared and after autoclaving none could be recovered. Therefore, intact 
cells are necessary for conjugation, although oxidation can occur in broken 


cells. 
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DISCUSSION 


Heller has observed no conjugation of estradiol by liver slices or liver 
mince. In the present experiments it has been shown that conjugation is 
the preferred method of inactivating stilbestrol. It apparently is oxidized 
only when the liver cannot handle it by conjugation. With a strain of 
rats found by Bernheim and Bernheim to give no conjugation of phenol 
with glucuronic acid, these experiments have shown that stilbestrol is 
conjugated by sulfuric and probably also glucuronic acid, and that these 
two are utilized equally. 

Heller found that cyanide was the only poison of the large number he 
studied which inhibited the inactivation of estradiol. This observation 
on the action of cyanide has been confirmed in these experiments with 
stilbestrol. The absence of conjugation as well as oxidation in the presence 
of cyanide indicates the need of a coupled reaction that will provide the 
energy for the formation of the conjugate. This may be an explanation 
for the inability of broken cells to conjugate stilbestrol. 


SUMMARY 


1. Stilbestrol disappears when added to rat liver slices in Ringer-bicar- 
bonate solution shaken at 37° in 95 per cent CO.-5 per cent Os. 

2. The stilbestrol that disappears is either conjugated or oxidized, the 
amount of each depending upon the concentration of stilbestrol. Appar- 
ently only one of the two hydroxyl groups is attacked. 

3. Thermolabile enzyme systems sensitive to cyanide are responsible 
for the conjugation and oxidation of stilbestrol. 

4. The conjugation can take place with sulfuric or another, probably 
glucuronic, acid, depending upon which is available. 

5. Intact cells are necessary for conjugation but not for oxidation. 
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THE UTILIZATION OF THE OPTICAL ISOMERS OF PHENYL- 
ALANINE, AND THE PHENYLALANINE REQUIREMENT FOR 
GROWTH* 


By WILLIAM C. ROSE ann MADELYN WOMACK 


(From the Division of Biochemistry, Noyes Laboratory ef Chemistry, 
University of Illinois, Urbana) 


(Received for publication, August 2, 1946) 


In the use of diets containing mixtures of amino acids in place of pro- 
teins one is frequently confronted with the necessity of employing synthetic 
amino acids, since the latter may be more readily available than the opti- 
cally active forms which occur in proteins. Therefore, it becomes of 
considerable practical importance, as well as of theoretical interest, to 
determine the relative availability in the animal organism of the enantio- 
morphs of the essential amino acids. 

Du Vigneaud ef al. (9) and Berg (1) have shown that the optical isomers 
of tryptophane possess equal nutritive value for the rat. This is true also 
of histidine, except that the dextrorotatory form appears to be slightly less 
efiective than the naturally occurring [(—) type (Cox and Berg (2)). 
Jackson and Block (4) have reported that both l(—)- and d(+ )-methionine 
successfully supplement diets low in methionine and cystine. This ecnclu- 
sion has been confirmed in unpublished experiments in this laboratory 
under conditions which preclude the presence of more than minute traces 
of either cystine or methionine in the basal ration. 

The present paper! is concerned with a comparison of the growth effects 
of (— )- and d(+)-phenylalanine, and with a semiquantitative estimate of 
the minimum amount of this amino acid which is capable of inducing opti- 
mum increases in weight. 


EXPERIMENTAL 


Weanling rats served as the experimental subjects throughout. These 
were housed in individual cages and were permitted to consume the food ad 
libitum. All amino acids were purified until they yielded correct analytical 
values. 

In the first experiments the nitrogen of the basal diet was derived from a 


* Aided by grants from the Rockefeller Foundation and the Graduate School 
Research Fund of the University of Illinois. 

'The publication of this and a number of other papers on the metabolism and 
nutritive réle of amino acids and related compounds has been delayed by additional 
duties devolving upon the senior author as a result of the war. 
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mixture of amino acids (Mixture XVI-b, Table I) which was devoid of 
phenylalanine, tyrosine, and threonine. The natural isomer of the latter 
was added to the diet separately. As will be observed from Table I, when 
} racemic acids were used in Mixture XVI-b the quantities were doubled in 
order to allow for the unnatural enantiomorphs. The basal diet (Diet 1, 
Taste I 
Composition of Amino Acid Mixtures 
Mixture XVI-b Mixture XX-b 
° . | 7 ° . 
Physiologically! Agused | Physiologically | Ay uy 
gm. | gm. | gm. gm. 
ale eae TR 0.50 | 0.50 0.1 0.1 
SEE. fn.6.oidacnes dies xed 1.90 | 3.80* 0.2 0.4* | 
SE Radi wile cépaceeresadend 0.50 | 1.00* 0.1 0.2* , 
LS. Bitk wos daha wcdews oan 8.00 | 16.00* 1.0 2.0* } 
I ios oss cx cic. 3 9.00 | 18.00* 1.3 2.6* , 
Eee 4.00 | 8.00* 0.9 1.8* ; 
skin thinks st0nee< 1.25 1.25 0.2 0.2 
MS 50 ids sweden goenmmcre 1.75 3.50* 0.6 0.6* ( 
. SS ERR 0 . = 0.7 1.4* ; 
PR Os be wcdneh eédanss 2.00 2.00 0.2 0.2 
Hydroxyproline.......... 0.30 | 0.30 0.1 0.1 : 
Tryptophane............ 2.25 2.25 0.4 0.4 
Aspartic acid............. 4.10 4.10 0:2 0.2 
on tno ok 22.00 22.00 2.0 2.0 ‘ 
Ee oe 7.70 1.5 , 
**  monohydrochloride. 19. 25* 1.9 i 
I ky ate nk das Ags deneate 3.70 0.5 d 
a monohydrochloride | 0 
monohydrate............... | 5.00 0.7 ' 
Arginine. on eee 5.25 0.5 | 1 
monohydrochloride | 6.35 6 l 
Sodium bicarbonate.... | 13.38 1.3 g 
| 74.20 | 126.68t | 10.5 | 16.7 
* Racemic acids. 
t 1.707 gm. of Mixture XVI-b contained 1.0 gm. of natural amino acids. n 
Table II) contained 18 per cent of natural amino acids, including threonine. 
When one of the antipodes of phenylalanine was included in the ration, the 
quantity of active amino acids was maintained at 18 per cent by an appro- 1 
priate reduction in the amount of Mixture XVI-b. With this diet, the tl 
vitamin B factors were supplied by two pills which were fed separately to a 
each animal daily. Each pill contained 75 mg. of a commercial vitamin s 
concentrate (cf. Table II). is 
| 
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The optical isomers of phenylalanine were prepared by resolution of dl- 
phenylalanine through the brucine salt of the formyl derivative according 
to the du Vigneaud and Meyer (8) modification of the Fischer and Schoeller 
(3) procedure. The d(+)-phenylalanine thus prepared showed a rotation 
in aqueous solution of [a]? = +34.8°. The values reported by du Vi- 
gneaud and Meyer (8) and Fischer and Schoeller (3) are +33.5° and +35.1° 











TaBLe II 
Composition of Basal Diets* 

Diet 1 Diet 2 
gm. gm. 

Amino acid Mixture XVI-b.................. 29.5 
“ - “ MII ve oie sis d5rasieeeeee 16.7 

I ek ccary'oa auasiae o's ve cael nw a ed nena eee 0.7 
ssc 5 ate arid & 6nd ehietehntidond ool eee eaiad 17.8 31.3 
Re eee: <n eeenrein ns = er 15.0 15.0 
I co osc gel ease alone pee edie 4.0 4.0 
ET aia o's checnwcauaarenvancesticns 2.0 2.0 
os ala avg. eb arrae cata Ke ae ee 26.0 26.0 
CI 62s ic sw warn acd nso Weg wh On Ole mee 5.0 5.0 
100.0 100.0 











* Diet 1 contained 18 per cent of natural amino acids and Diet 2 10.5 per cent of 
physiologically active amino acids. In the experiments involving the use of Diet 1, 
the vitamin B factors were furnished in the form of two pills daily, each containing 
75mg. of Vitab Products ‘‘ Vitamin B complex liquid, type II.’”’ In the experiments 
in which Diet 2 was used, the water-soluble vitamins were supplied in two pills 
daily, each containing either 75 mg. of milk concentrate and 50 mg. of tikitiki extract, 
or 10 y of thiamine hydrochloride, 20 y of riboflavin, 10 y of nicotinic acid, 10 y of 
pyridoxine hydrochloride, 50 y of calcium d-pantothenate, 5 mg. of choline chloride, 
15 mg. of p-aminobenzoic acid, 5 mg. of inositol, 25 mg. of wheat germ oil, and 
12.5 mg. of Wilson’s ‘‘liver powder 1:20.’ No differences were observed in the 
growth effects of the two types of vitamin supplements. 

¢t Natural threonine from blood fibrin. 

t Osborne and Mendel (5). 


respectively. The /(—)-phenylalanine had a rotation in water of [a]?> = 
~34.4°, as compared to a value of —35.1° given by Fischer and Schoeller 
(3). Both optical isomers yielded correct data on analysis. 

The effects upon growth brought about by the supplementation of Diet 
1 with 1(—)- and d(+)-phenylalanine were tested in two litters of rats, and 
the results are summarized in Table III. The growth curves of one litter 
are shown in Chart I. When these experiments were undertaken, no infor- 
mation was available as to the percentage of dietary phenylalanine which 
is necessary to induce satisfactory growth. For the first 8 days, 0.5 per 
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cent of each isomer was used. This proved to be inadequate, although the 
losses in weight were less severe than in the controls (Rats 2623 and 2629, 
Table III) which were deprived of phenylalanine. Thereafter, the level 
of phenylalanine was raised to 1.0 per cent, and growth ensued immediately, 
It will be observed that the subjects which received the d(+)-phenylalanine 
grew quite satisfactorily, although the total gains were not quite so large as 








Taste III 
Comparative Growth Effects of 1(—)- and d(+-)-Phenylalanine 
¥ _ _ Days int body o Supplements added to Diet 1 
gm. gm. 
1 2619 @ 8 —3 24 0.5% l(—)-phenylalanine 

28 +42 141 1.0% " 

2620 9 8 —2 23 0.5% - 
28 +38 154* 1.0% — 

2621 7 8 —3 26 0.5% d(+)-phenylalanine 
28 +31 143 1.0% “4 

2623 9 8 —1l1 15 None 
28 —9 61 = 

2 2624 8 +1 31 0.5% I(—)-phenylalanine 

28 +43 158 1.0% " 

2625 9 8 —2 27 0.5% “ 
28 +38 158* 1.0% “3 

2626 #7 8 —2 20 0.5% d(+-)-phenylalanine 
28 +35 123 1.0% 

2627 9 8 —2 25 0.5% “i 
28 +34 121 1.0% wg 

2628 9 8 —2 24 0.5% ss 
28 +29 117 1.0% 7 

2629 9 8 —I11 15 None 
28 —7 64 ny 




















* The animal scattered food; the recorded intake is probably too high. 


in the animals which received the /(—)-phenylalanine. Whether the differ- 
ences are significant is not clear. In any event, a large proportion of the 
d(+-)-phenylalanine was utilized for growth purposes, and must have under- 
gone inversion in the organism. 

In order to obtain further information concerning the relative effective- 
ness of the two isomeric modifications of phenylalanine, a second series of 
experiments was undertaken in which dl- and /(—)-phenylalanine were 
administered at several levels. In the meantime, amino acid Mixture XX-b 
had been developed in this laboratory and used successfully in a large num- 
ber of tests. In this mixture (Table I) the proportion of dl-methionine 
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h the CHART I 
2629, RELATION OF d(+)=- AND 1(-)- 
level PHENYLALANINE TO GROWTH 
/_(100)_ 
tely. Rats 2624-2625: , 
nine 
1(-)-Phenylalanine 
ze as 
Rats 2626-2628: 
d(+)-Phenylalanine _(91) 
Rat 2623: No phenylalanine 
a Arrows indicate points at 
which phenylalanine was in- 
creased from 0.5 % to 1.0 4%. (37) 
(88) 
2624 
2625 
r 2626 
2627 
2628 
+2639 @ (54) } 
r 
— <10 days> - 
oO 
Coal 
1 
ffer- 
the 
der- 
l (36) 
ive- 
oa Cuart I. The numbers in parentheses denote the initial and final weights of the 
, Tats. 
vere ' 
X-b was not doubled over the desired amount of the natural isomer since, as 
um- indicated above, both forms are readily utilized by the rat. Invariably, 
nine the diets in the second series of tests contained 16.7 per cent of Mixture 
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XX-b. This furnished 10.5 per cent of physiologically active amino acids, 
The make-up of the basal ration (Diet 2) is shown in Table II. When di. 
or (—)-phenylalanine was included in the food it replaced an equal weight 
of dextrin. The slight variation in nitrogen content of the diets thereby 
resulting was without influence upon the growth rates. Two types of 
vitamin supplements (cf. Table II) were employed in the experiments in- 
volving the use of Diet 2, but no differences in growth attributable to this 
variable could be detected. 

The plan was to vary the percentage of di- and /(—)-phenylalanine in the 
diet, and thereby determine approximately the minimum level of each 
which would induce maximum growth. Obviously, if both optical isomers 
are equally available in the organism the amount of d/-phenylalanine found 


TaBLe IV 
Comparative Growth Effects of dl- and l(—)-Phenylalanine at Different Dietary Levels 


The experiments covered 28 dayseach. The figures in parentheses represent the 
number of animals. 























Dietary phenylala- 
nine, per cent..... 0.5 0.6 0.7 0.8 | 0.9 1.0 1.2 
gm. gm. | gm. gm. gm. gm. gm. 
di-Phenyl- | Males (5) | (8) | (12) (4) | @ | @ 
alanine | Average gain 24.0 | 40.1 | 49.2 | 55.0 | 54.8 | 41.5 
| Females (4) (9) (13) (4) (4) (1) 
| Average gain 21.3 | 34.2 | 38.0 | 54.8 | 47.8 | 39.0 
| Both sexes (9) (17) | (25) (8) (13) (3) 
| Average gain 23.0 | 37.0 | 43.4 | 54.9 | 52.6 | 40.7 
i(—)-Phenyl-| Both sexes (3) (6) | (12) (9) (7) 
alanine | Average gain| 20.7 | 29.3 37.3 | 45.1 | 53.1 | | 











necessary for maximum increases in weight should not exceed the require- 
ment of /(—)-phenylalanine. Since the experiments with /(—)-phenylala- 
nine described above showed that 0.5 per cent was insufficient and that 1.0 
per cent permitted satisfactory growth, the levels used in the present tests 
were kept, for the most part, within these limits. In each test the period 
of growth was 28 days. 

Experiments of this nature were made on 112 animals. Of these, 75 
received di-phenylalanine and thirty-seven /(—)-phenylalanine. In order 
to conserve space, the average total gains only are presented. These are 
summarized in Table IV. With dl-phenylalanine the results are shown for 
each sex separately and for both sexes. With /(—)-phenylalanine the 
smaller number of animals does not warrant a division according to sex, 
although to make such a division would not alter the findings. 
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An inspection of the data reveals the fact that the minimum level of 
di-phenylalanine capable of inducing maximum growth is 0.9 per cent. 
This is true whether one considers the males only, the females only, or both 
sexes. Higher percentages are certainly no better, and actually appear to 
exert some inhibition in growth. However, with respect to the latter pos- 
sibility, one should not overlook the fact that the number of animals on the 
highest level (1.2 per cent) was very small. 

In the tests with /(—)-phenylalanine, each increment up to 0.9 per cent 
led to an improvement in growth. Unfortunately, higher percentages of 
this modification were not tested; but probably one is warranted in assuming 
that 0.9 per cent is the optimum level, for to conclude otherwise would imply 
that the natural isomer is less efficient than the racemic compound. The 
only obvious factor which might invalidate the latter concept is the rather 
remote possibility that d(+)-phenylalanine, in the concentrations em- 
ployed, is toxic, and that the effects observed with dl-phenylalanine repre- 
sent summations of the growth-stimulating and growth-inhibiting activities 
of the two optical isomers. We expect to look into this possibility at a later 
date. In the meantime, for practical feeding purposes and within the 
limits of accuracy of the methods employed, it appears that dl-phenylala- 
nine (and therefore d(+)-phenylalanine) is almost, if not quite, as well 
utilized by the rat for growth purposes as is /(—)-phenylalanine. This is 
fortunate, since the latter is one of the more difficult amino acids to isolate 
in pure form from proteins. 

A by-product of this investigation is the establishment of an approximate 
minimum level of dietary phenylalanine for the growing rat. Several years 
ago a table summarizing the evidence then available concerning the mini- 
mum levels of all of the indispensable amino acids was published by the 
senior author (Rose (6, 7)). At that time, emphasis was placed on the 
“strictly tentative” nature of the values, and the reader was reminded that 
“factors such as the proportion of fat and carbohydrate in the ration, and 
the age, weight and sex of the subjects may play important réles in deter- 
mining the minimum level of a given component.” Despite these pre- 
cautions, the data have been misinterpreted and incorrectly applied on more 
than one occasion. For this reason, we wish to emphasize anew that at 
best such minima are approximations only, albeit useful for many experi- 
mental purposes. It should be unnecessary to state that minima are appli- 
cable only to the species in which they are determined, in this case the rat. 
Their tentative nature is illustrated by the fact that originally (Rose (6)) 
the minimum level of phenylalanine was placed at 0.7 per cent of the diet. 
This was based on tests in a relatively small number of animals. The value 
is now revised upward to 0.9 per cent. Revisions affecting other amino 
acids may become necessary. Finally, minima ordinarily have been estab- 








110 PHENYLALANINE AND GROWTH 


lished “when liberal quantities of the non-essential amino acids were 
furnished.” This is necessary in order to avoid the “use of the indispen- 
sable amino acids for the manufacture of the dispensable group.” In the 
case of methionine, the tests were conducted with a diet devoid of cystine, 
since approximately one-sixth of the methionine requirement for growth 
can be met by cystine (¢f. Womack and Rose (10)). In the present study 
the diets were devoid of tyrosine. In a subsequent paper we shall show the 
extent to which the presence of tyrosine in the food reduces the phenylala- 
nine requirement. 


SUMMARY 


Feeding experiments in which the basal diet was devoid of phenylalanine 
and tyrosine have shown that, in the rat, supplementation of the food with 
d(+-)-phenylalanine induces growth which is almost, if not quite, as satis- 
factory as when l(—)-phenylalanine is the supplement. This finding has 
been confirmed by feeding dl- and 1(—)-phenylalanine, at varying dietary 
levels, to a relatively large number of animals. The requirement for 
maximum gains was not detectably greater in the case of the racemic com- 
pound than when the natural isomer was used. 

Under the conditions specified, and when liberal amounts of the non- 
essential amino acids, other than tyrosine, and all of the essentials are in- 
cluded in the food, the minimum level of dietary phenylalanine which is 
capable of inducing maximum increases in weight is approximately 0.9 
per cent. 
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THE INTERRELATIONSHIP OF DIETARY, SERUM, WHITE 
BLOOD CELL, AND TOTAL BODY ASCORBIC ACID 
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JEANNE A. LOPEZ 


(From the Division of Nutrition and Physiology, The Public Health Research Institute 
of the City of New York, Inc., New York) 


(Received for publication, June 28, 1946) 


The white blood cells are living, actively metabolizing cells which are 
accessible for analysis. If the ascorbic acid concentration of these cells 
could be shown to be a valid index of the ascorbic acid level of the body 
as a whole, white cell assays should be a valuable means of determining 
the status of the individual in regard to this vitamin. The analysis of 
blood or urine yields information which is of value chiefly if it may be 
interpreted in terms of function of the organism, or in terms of the tissue 
concentrations on which functional activity surely depends. The estab- 
lishment of the interrelationships among serum, urine, white cell, and 
tissue concentrations should enhance the value of existing ascorbic acid 
data on serum and urine. 

Stephens and Hawley (1) and Butler and Cushman (2) found that white 
blood cells and blood platelets are rich in ascorbic acid in normal persons. 
The latter investigators found the level very low in scorbutic patients. 
(White blood cells and platelets contain essentially the same concentration 
of ascorbic acid and are usually measured together. They will be referred 
to collectively, hereinafter, as white cells.) Crandon et al. (3) observed 
that on an ascorbic acid-free diet the serum level of the vitamin fell almost 
to zero, after which the white cell level slowly fell and approached zero at 
the time frank signs of scurvy appeared. These data have created the 
impression that the white cells, and hence presumably the other tissues, 
contain undiminished amounts of the vitamin as long as ascorbic acid is 
demonstrable in the serum. Pijoan and Lozner (4) have presented data 
in support of this conclusion. Such data do not, however, concur with the 
repeated observation that considerable amounts of ascorbic acid may be 
retained (in a load test) by persons with low but definite serum ascorbic 
acid concentrations (5). 

Clearly more information on the relationship between intake and serum 
and white cell levels is desirable. 

An exceptional opportunity for making the desired comparison was 
ofiered by an experiment conducted by the Royal Canadian Air Force. 
Over 100 vigorous RCAF personnel were maintained for 8 months on 
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controlled ascorbic acid intakes. Monthly serum ascorbic acid determina. 
tions were made by the primary investigators. Group Captain Frederick 
F. Tisdall very kindly invited this laboratory to obtain blood samples from 
these subjects for determination of white cells and serum ascorbic acid. The 
development of a rapid procedure for measuring white cell ascorbic acid 
concentrations on finger blood (0.1 ml.) made such determinations feasible: 

In addition to observing the effect of different ascorbic acid intakes on 
the serum and white cell concentrations, the extent of the tissue depletion 
was measured by determining the amount of ascorbic acid necessary to 
restore the concentration in the white cell and in the body as a whole to 
maximal values. These measurements permitted an evaluation of the 
white cell as an index of the total ascorbic acid in the body. 


Materials and Methods 


The details of the RCAF experiment have been described by Linghorne 
et al. (6). In brief, the personnel were divided into four groups. Group! 
received a palatable basal diet which was repeatedly shown by analysis 
to contain an average of 8 mg. of ascorbic acid per day. Group II received 
the same diet plus a raw cabbage supplement containing (by analysis) 15 
mg. of ascorbic acid (average total 23 mg.). Group III received the basal 
diet plus 70 mg. per day of synthetic ascorbic acid (total 78 mg.). Group 
IV received the regular station ration which furnished an average of 78 mg. 
of ascorbic acid per day. 

Ascorbic acid was measured in duplicate on (a) 10 ¢.mm. serum samples 
(7), (b) the white blood cells plus platelets obtained from 0.1 ml. of blood, 
and (c) 0.025 to 0.1 ml. aliquots of 24 hour urine specimens. The procedure 
for urine was essentially the same as that used for serum except that larger 
volumes were employed. The white cell method has since been improved 


and is reported elsewhere .! 


Results 

Groups I and II receiving 8 and 23 mg. of ascorbic acid per day had 
average white blood cell values only about half as great as did Groups 
III and IV, receiving 78 mg. per day (Fig. 1). The average serum value 
for both Groups I and II was the same (0.2 mg. per cent). No serum 
values of zero were encountered and all but two samples were 0.1 mg. per 
cent or over. As was found for the serum values, there was no statistically 
significant difference between the white cell averages for Groups I and II. 
There was also no significant difference between the serum and white cell 
averages for Group III receiving synthetic ascorbic acid and Group IV 
receiving the vitamin in natural form (total intakes 78 mg. daily). 


1 Bessey, O. A., Brock, M. J., and Lowry, O. H., in preparation. 
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On inspection of the graph in Fig. 1 it will be seen that a definite rela- 
tionship exists between ascorbic acid concentration in serum and white 
cells. Of the thirty-nine subjects with serum values greater than 0.4 
mg. per cent, only one white cell value was less than 20 mg. per cent, 
whereas out of the forty-two with serum ascorbic acid less than 0.3 mg. 
per cent, only in one subject did the white cell level exceed 20 mg. per cent. 
In the intermediate zone of serum values (0.3 to 0.4 mg. per cent) both 
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Fic. 1. Comparison of the ascorbic acid concentration in serum and white blood 
cells of a group of 103 subjects maintained for 8 months on 8, 23, or 78 mg. of ascorbic 
acid daily. 


high and low white cell levels were encountered. The relation between 
intake and serum and white cell levels is evident. 

At the end of 8 months on the rigidly controlled ascorbic acid intakes, 
thirty subjects, chiefly from Group I (8 mg. per day), were given large 
amounts of ascorbic acid and the course of realimentation was studied. 
Each day for 4 days 500, 1000, or 2000 mg. of ascorbic acid were given by 
mouth in 8 or 10 hourly doses. 24 hour urine samples were collected and 
tach morning, before any ascorbic acid was received, white cell and serum 
samples were collected. 

The data summarized in Figs. 2 and 3 show that for the subjects who 
had been receiving 8 mg. of ascorbic acid per day recovery of both serum 
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and white cell levels was nearly complete in 1 day with 2000 mg. of ascorbic 
acid per day (four subjects), in 2 days with 1000 mg. per day (six subjects), 
and in 3 or 4 days with 500 mg. per day (four subjects). Thus both serum 
and white cell values can respond with great rapidity to a sufficiently large 
dose of the vitamin. The changes in ascorbic acid levels in white cells 
versus serum follow essentially the same pathway (but at different rates) 
whether the ascorbic acid dose is 500, 1000, or 2000 mg. per day (Fig. 3). 
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Fic. 2. Summary of changes in ascorbic acid content of white blood cells upon 
realimentation of subjects previously maintained on low ascorbic acid intakes. 








Furthermore, this pathway nearly coincides with the curve obtainable 
from Fig. 1 for static values of white cell and serum ascorbic acid attained 
by the ingestion of different amounts of ascorbic acid. This suggests that 
the white cells and serum are in equilibrium with each other under the 
conditions of the experiment. 

The serum and white cell response of six subjects (data not shown) who 
had been receiving 23 mg. of ascorbic acid per day was essentially the same 
as for those who had been receiving 8 mg. Although the average serum 
levels of a control group of four subjects (from Group III, which had been 
regularly receiving 78 mg. of ascorbic acid daily) were raised by the large 
test doses, the white cell levels were not further raised; on the contrary, 
they decreased slightly (about 15 per cent) during the 4 days of the experi- 
ment. This suggests that factors other than ascorbic acid intake may at 
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least to a small degree affect the ascorbic acid level of white blood cells. 
Similar unexplained changes have been encountered by others (Wilson 
and Lubschez (8)). 

The urinary excretion (Table I) was uniformly low during the first 24 
hours except in the control group (No. III). It is surprising that, even 
when 2000 mg. of ascorbic acid were ingested, only 0.5 per cent of the dose 
was lost in the urine. On subsequent days the excretion rose to 75 to 90 
per cent of the intake. An estimate of the ascorbic acid retention was 
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Fic. 3. Comparison of the ascorbic acid content of white blood cells and serum 
during realimentation of subjects previously maintained on low ascorbic acid intakes. 


made with the following assumptions: (a) that the ingested vitamin was 
in part retained, in part destroyed, and in part excreted in the urine; (6) 
that during the last 24 hour period the control group (No. III), receiving 
500 mg., and the groups receiving 1000 and 2000 mg. of ascorbic acid were 
no longer retaining ascorbic acid, in which case the destruction in the body 
would be equal to the difference between intake and output; (c) that this 
destruction was the same on all 4 days, and was equal in the three groups 
receiving 500 mg. per day. 

If these assumptions are valid, the retention each day may be calculated 
by subtracting the ascorbic acid excreted that day from the amount ex- 
treted at a time when no retention was taking place. For example, the 
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group receiving 1000 mg. excreted 1, 125, 495, and 767 mg. on the 4 sue- 
cessive days; the calculated retention was, therefore, 766, 642, 272, and 
0 mg. respectively, or a total of 1680 mg. This is presumably a lower limit, 
since there is quite possibly less destruction of ascorbic acid during the Ist 
day or 2. Considering this uncertainty, the agreement in retention with 








TaB.e I 
Average Daily Urinary Excretion and Total Retention of Ascorbic Acid during 
Realimentation 
Previ | Excretion 
Group No. wey Test dose = | Retention 
| 1 day 2days | 3days 4 days 








- — |— | 
mg. per day | mg. per day | mg. per day, mg. per day| mg. per day| mg. per day} mg. 
| | 




















I 8 500 2 | 22 =| 72 ~=«|~= «167 1625 
II 23 500 1 13 | 77 | #20 | 1887 
III 78 500 14 | 371 | 470 | 474 419 
I 8 1000 1 | 125 495 | 767 | 1680 
I 8 | 2000 11 980 1403 1539 2223 
Taste II 
Comparison of Retention of Ascorbic Acid to Increase in White Blood Cell Ascorbic 
Acid 
: Change as per cent of 
Group No. - -y Test dose | maximal change 
| After 18 hrs. | After 42 hrs. 
| mg. per day mg. per day | | | 
I 8 500 Total body* 29 | 87 
White blood cellst 40 68 
I 8 1000 Total body 46 | 87 
| White blood cells ao: | §8l 
I 8 | 2000 | Total body 69 | 
| White blood cells | 78 
II 23 500 | Total body 31 60 
White blood cells § 33 83 








* Retention as per cent of total retention. 
+ Increase in concentration as per cent of total increase in concentration. 


different dosages is satisfactory. The average retention for the fourteen 
subjects in Group I was 1844 mg. Group II, which had been initially 
receiving 23 mg. of ascorbic acid per day, retained nearly as much ascorbic 
acid as Group I (initially receiving 8 mg. per day), whereas the control 
group retained only about one-fourth as much. 

In reference to the question whether the white blood cell ascorbic acid 
level can serve as an index of general tissue levels of ascorbic acid, it is 
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useful to correlate the total daily retention of ascorbic acid by the body as 
a whole with the rate at which the white cells return to normal (Table II). 
Total retention is recorded as per cent of the ultimate total retention, and 
the white blood cell changes are recorded as per cent of the total change 
during the 4 days; 7.e., if the initial, lst day, and 4th day white cell as- 
corbic acid values were 12, 21, and 30 mg. per cent, the change after 1 day 
would be recorded as 100 X 9/18 or 50 per cent. It will be seen (Table IT) 
that the white cell recovery parallels the ascorbic acid retention within 
the limits of experimental variations expected for this type of study. 
This suggests that the white blood cells are actually a valid measure of the 
level of the body content of ascorbic acid. If this is true, the total body 
ascorbic acid may be calculated: Since the white cell ascorbic acid con- 
centration approximately doubled during the retention of 1800 mg. of 
ascorbic acid, the final body content of ascorbic acid is presumably twice 
1800 mg. or nearly 4 gm. 


DISCUSSION 


It seems permissible to conclude (1) that with the ingestion of 8 to 23 mg. 
of ascorbic acid daily by adults the white blood cell ascorbic acid is main- 
tained at only about half the concentration attained with intakes of 78 mg. 
per day; (2) that with 8 to 23 mg. of ascorbic acid per day a tissue deficit 
from the maximal attainable concentration amounting to nearly 2 gm. is 
encountered; (3) that with white cell ascorbic acid values half of normal, 
serum ascorbic acid levels are not necessarily zero but lie rather in the con- 
centration range of 0.1 to 0.4 mg. per cent; (4) that the white cell level 
appears to be an index of the total body level of ascorbic acid; and (5) that 
given an opportunity, through a sufficiently large intake of ascorbic acid, 
the white cells and serum levels will return to normal within 24 hours, with 
aconcomitant retention of very large amounts of ascorbic acid by the body. 

An important question to public health is what tissue concentration is 
necessary for optimal ascorbic acid nutrition. In this study the control 
group receiving 78 mg. per day was approximately 90 per cent saturated 
(400 mg. retention with a calculated 4 gm. of ascorbic acid content at satu- 
ration). Groups I and IT with 8 and 23 mg. of ascorbic acid per day were 
50 or 60 per cent saturated. Careful studies of the gums of these subjects 
by Linghorne et al. (6) revealed a clearly defined handicap to the gingival 
tissue in GroupsI and II. This tissue is continually exposed to mechanical 
trauma and bacterial invasion. It is precisely such conditions which are 
likely to expose handicaps attributable to suboptimal nutritional states. 
These findings suggest, therefore, that with somewhere between 60 and 90 
per cent tissue saturation handicaps attributable to ascorbic acid deficiency 
become demonstrable. 














118 ASCORBIC ACID INTERRELATIONSHIPS 


The degree of tissue undersaturation appears to be measured in a gen- 
eral way by the ascorbic acid concentration in the white blood cells. It 
will be frequently desirable, however, to have a more direct and sensitive 
measure of the tissue deficit, particularly when the depletion is not great. 
The usual saturation tests are not as sensitive a measure of this deficit as 
they could be. Common practice is to give a single fairly large dose, per- 
haps 200 to 500 mg., and to measure the amount of ascorbic acid which 
appears in the urine. In any case, but particularly if this dose is given by 
vein, the vascular system is flooded with ascorbic acid and the amount 
excreted depends on how well the kidney competes with the rest of the body 
for the vitamin. When given by mouth, the serum level and, hence the 
urinary excretion, will depend in part on the rate of absorption. Thus the 
information obtained gives relative but not absolute information concerning 
the tissue deficit. An alternative procedure is suggested by the experi- 
ments reported here: A total dose should be given which is somewhat 
larger than the expected deficit ; e.g., 750 to 1000 mg. for persons receiving 
over 50 mg. per day, and for persons thought to be seriously depleted, 2 or 
3 gm. The ascorbic acid should be given in many divided doses spread 
out during the day, and all the urine excreted during a 24 hour period, com- 
mencing with the first dose, should be collected. With allowance for an 
estimated 25 per cent destruction, the ascorbic acid retention can be esti- 
mated. This procedure is more involved than the ordinary tolerance test, 
but it has the virtue of giving a measure of the actual tissue depletion. 
Hathaway and Meyer (9) have used this type of test in studies with chil- 
dren, but they used much smaller doses administered over a much longer 
period of time. The relatively small amount of destruction of ascorbic 
acid by the body in comparison to that of thiamine, riboflavin, and niacin 
creates an especially favorable opportunity for the measurement of tissue 
depletion by this method (10). 


SUMMARY 


1. White blood cell and serum ascorbic acid concentrations were meas- 
ured in subjects who had received standardized diets for 8 months contain- 
ing 8, 23, and 78 mg. of ascorbic acid per day. With 8 and 23 mg. of the 
vitamin per day the white cells averaged about 12 mg. per cent of ascorbic 
acid compared to 25 mg. per cent of ascorbic acid for subjects receiving 
78 mg. per day. The serum levels were not zero even with the low intakes 
and low white cell levels, averaging 0.2 mg. per cent for those receiving 8 
and 23 mg. of ascorbic acid per day. 

2. After 8 months on a diet containing 8 mg. of ascorbic acid per day an 
average of about 1800 mg. of ascorbic acid was retained following the 
ingestion of large amounts of ascorbic acid. 
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3. Since the increase in white cell ascorbic acid concentration paralleled 
the retention of ascorbic acid, the white blood cells appear to be a valid 
index of the total body concentration of ascorbic acid. This leads to the 
conclusion that the normal adult contains nearly 4 gm. of ascorbic acid. 
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DETERMINATION OF CARBON MONOXIDE IN BLOOD AND OF 
TOTAL AND ACTIVE HEMOGLOBIN BY CARBON MONOXIDE 
CAPACITY. INACTIVE HEMOGLOBIN AND METHEMO- 
GLOBIN CONTENTS OF NORMAL HUMAN BLOOD 
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The occurrence in normal human blood either of methemoglobin, or of a 
form of “inactive Hb” which behaves like methemoglobin in containing 
trivalent Fe and in lacking the power to combine reversibly with O, and 
CO until the Fe+++ is reduced to Fe+*, has been both affirmed and denied 
in the recent literature.1 Until a few years ago all the hemoglobin in 
normal human blood was assumed to be in the “active’’ form, capable of 
reversibly combining with O, and CO. Methemoglobin could not be 
detected by spectroscopic examination, and the classic studies of Peters 
(6) in Barcroft’s laboratory showed an almost exact ratio of 1 atom of Fe 
per molecule of O, capacity in laked blood. However, since quantitative 
gssometric methods for the estimation of inactive Hb and photometric 
methods for methemoglobin have been developed, widely varying amounts 
of both in normal human blood have been reported. 

The gasometric methods for inactive Hb have been based on a principle 
introduced by Nicloux and Fontes (1) whereby, by means of a reducing 
agent, the inactive Hb, with Fe+**, is reduced to active Hb, with Fe**, and 
the resultant increase in CO or O, binding capacity is determined as the 
measure of the inactive Hb. Nicloux and Fontes used Na,S,O, as reducing 


‘Nomenclature—In the present paper the term ‘‘active Hb”’ will be used to indicate 
hemoglobin capable of combining reversibly with O, or CO; “‘inactive Hb” to indicate 
hemoglobin derivatives that do not combine reversibly with O, or CO, but can be 
tonverted into active Hb by the reducing agents that convert ferrihemoglobin into 
frrohemoglobin. ‘‘Methemoglobin” is used to indicate inactive Hb which, in 
addition to the ability to be converted into active Hb by reducing agents, also shows 
* treatment with cyanide the changes in optical density that are characteristic of 
methemoglobin. In earlier literature it was assumed that all inactive Hb, as defined 
tbove, was methemoglobin, and methods for gasometric determination of inactive 
fb were presented as methods for methemoglobin (1-3). In more recent papers 
4,5) the possibility that inactive hemoglobin derivatives other than methemoglobin 
may occur in blood has led to use of the term “inactive hemoglobin”’ to indicate the 
substance or substances that are measured by the increase in CO or O, capacity caused 
by treatment of blood with Na,S,O, or Ti**. 
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agent, and the increase in CO capacity as a measure of inactive Hb. Van 
Slyke (2), using Nicloux’ reagents and the Van Slyke-Neill (7) manometric 
apparatus for determining the CO capacity of the blood, developed a 
method which was later improved by Van Slyke and Hiller (3, 8) and 
Horvath and Roughton (9). The first considerable series of measurements 
in normal human blood by the method (8) was published by Ammundsen 
(4), who found in 53 subjects that the inactive Hb varied from 0 to 12 per 
cent of the total Hb, the mean being 3 per cent. In the blood drawn from 
a single subject on ten different dates the range was found to be about as 
great as in the entire series of 53 subjects. Roughton, Darling, and Root 
(5) in determinations on twenty-six blood specimens from four different 
subjects found practically the same mean inactive Hb, 2.8 per cent of the 
total Hb, but a narrower range, 0.7 to 5 per cent. However, Kallner 
(10, 10a), also using the Na,S,O.CO method, was doubtful that any in- 
active Hb exists in normal human blood. 

Conant, Scott, and Douglass (11) showed that hematin when reduced by 
NaS.O, combines reversibly like Hb with CO, so that the inactive Hb 
measured by the NaeS:O.CO method would include, besides methemo- 
globin, any hematin that might be present, and presumably any Fet++ 
compounds intermediate between methemoglobin and hematin. As a 
procedure more specific for methemoglobin, Conant, Scott, and Douglass 
reduced the Fe*** to Fe+* with titanous tartrate, instead of NagS,0,, and 
measured the resultant increase in O, capacity, instead of CO capacity. 
(Os, unlike CO, does not combine reversibly with hematin under the condi- 
tions of the analyses. Ti**+* was substituted for NaeS.O, as reducing 
agent because the presence of Na2S.O, interferes with O. capacity deter- 
minations.) Conant, Scott, and Douglass did not give data indicating 
whether any of the hypothetical Hb derivatives, capable of combining with 
CO but not Os, exist in blood, and inactive Hb values for normal human 
blood obtained by Ramsay (12) with Tit+*+*+ and O, are not markedly 
different from those obtained by Ammundsen and by Roughton, Darling, 
and Root with NasS,0, and CO. In thirty-eight subjects Ramsay found 
inactive Hb, varying from 0 to 7 per cent of total Hb, the mean being 1.9. 

Recent photometric methods for methemoglobin depend on the decrease 
of transmission of light of wave-length about 6350 (13-15) or 8000 (16) 
Angstroms that occurs when KCN is added to a solution of methemoglobin; 
the cyanide changes the brownish methemoglobin to the red cyanhemo- 
globin, but does not affect the active Hb. Methemoglobin values im 
normal human blood reported by this procedure vary, as is indicated by 
Table I. 

The results in the literature leave uncertainty, both as to the identity of 
the inactive Hb measured by the Nicloux principle with the substance 
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measured as methemoglobin by the photometric cyanide method, and as 















































Van to the concentration range of either substance in freshly drawn normal 
netric human blood. No author appears to have made simultaneous measure- 
ped a ments by both procedures. In most of the papers the length of time the 
) and blood samples stood before the analyses were made is not exactly stated, so 
ments that the effects of changes in viiro are uncertain. 
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found about 2 and 3 per cent of total Hb, respectively. 
ng 1.9. 
crease In the present paper results are reported of simultaneous determinations 


0 (16) made by both procedures at intervals beginning 2 to 3 minutes after the 
zlobin; blood was drawn. For met!:emoglobin the cyanide procedure developed 
jhemo- by Horecker and Brackett (16) is used. For the inactive hemoglobin 
ues in Nieloux’ principle of measuring the increase in CO binding power caused 
ted by by treatment with Na.S.,0, is employed. Since the increases measured 
were of the order of 1 per cent, maximal obtainable analytical accuracy 
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is that of Van Slyke and Hiller (3, 8), with improvements introduced by 
Horvath and Roughton (9), and with other modifications for precision 
that have developed in this laboratory since the original method (3, 8) 
was published. 

It cannot be stated with certainty that the cyanide reaction applied to 
blood is completely specific for methemoglobin, but the results in this 
paper indicate that, if the cyanide reaction does measure any normal blood 
constituent other than methemoglobin, the amount of such constituent 
is slight. 


DETERMINATION OF BLOOD CO CONTENT AND OF ACTIVE AND 
TOTAL HEMOGLOBIN BY CO CAPACITY 


The carbon monoxide procedures for blood CO content, total hemoglobin, 
and active hemoglobin, as developed, are described with the modifications 
necessary for blood samples varying from 2 to 0.1 ml. The technique is 
given in detail necessary for precision. 


Apparatus 


The Van Slyke-Neill manometric apparatus (7). 

The special Hempel pipette, with 3-way cock, described by Van Slyke 
and Hiller (3). 

The apparatus for generating and storing CO gas described by Van Slyke 
and Hiller (3). 

Calibrated glass spoons for approximate measurement of pulverized 
Na2S.0,, as used by Van Slyke and Folch ((19), Fig. 4, A). 


The spoon may be made by flattening one end of a rod to a disk of about 6 mm. in 
diameter, and fusing a tube of 3mm. bore to the disk. The tube is then cut off so that 
a cup about 4mm. deep is made. The cup is ground down on a carborundum wheel 
until its capacity is 35 + 5 mg. of powdered Na.S,0,. One such spoon suffices for 
analyses of samples of either 1 or 2 ml. of blood. For analyses of samples of 0.5 and 
of 0.1 or 0.2 ml., smaller spoons are made to deliver 18 + 2 mg. and 7 + 1 mg. portions 


of hyposulfite respectively. 

A simpler procedure devised by D. A. MacFadyen (personal commmunieitia is to 
bend a piece of tubing at right angles, cut one arm off at about 6 mm. from the bend, 
and fill the bend with high melting paraffin, the level of which is adjusted to give the 


desired measuring capacity. 


Syringe modified to store and deliver air-free solutions. The syringe, 
shown in Fig. 1, is made by fusing a 20 ml. graduated Pyrex Becton- 
Dickinson syringe to a Pyrex glass stop-cock with 1 to 1.5 mm. bore and 
stem long enough (15 to 20 cm.) to reach to the bottom of a 250 ml. suction 
flask. The tip of the stem is tapered so that it can be equipped with 4 
rubber ring which fits into the bottom of the cup of the gas chamber. 
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After fusing the stop-cock to the syringe it may be necessary to wait 24 
hours for the barrel to contract exactly to its former bore and fit the 


plunger. 
Reagents 
Sodium hyposulfite (Na252O,), finely pulverized. 
Saponin-borax solution. 1 gm. of saponin and 3 gm. of borax, 


Na,B,O7-10H,0, are dissolved in 100 ml. of water. Add 0.1 ml. of caprylic 
alcohol as a preservative and shake to saturate the solution. 








Mercury 


Fic. 1. Syringe for storing and delivering air-free solution 


Potassium ferricyanide solution. 32 gm. of KsFe(CN)s. per 100 ml. 

Acetate buffer to produce pH approximately 6. 75 gm. of sodium acetate, 
NaC,H;0,-3H,0, are dissolved in 100 ml. of water and 15 ml. of glacial 
acetic acid are added. 

Sodium hydroxide. 1 N solution, deaerated by extraction in the evacu- 
ated Van Slyke-Neill chamber and stored over mercury. 

Caprylic alcohol. 

Carbon monoxide gas. Thisis prepared from HS, and formic acid and 
stored as described by Van Slyke and Hiller (3). About 5 per cent of 
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NaOH is added to the water over which the CO is stored in order to absorb 
a small amount of CO, which may accompany the CO. 

Ferricyanide in acetate buffer. 5 ml. of the acetate buffer solution and 
15 ml. of the 32 per cent ferricyanide solution are mixed on the day of the 
analyses and either saturated with air or deaerated. 


The air-saturated solution may be used for hemoglobin determinations when 
maximal precision is not imperative. The air-saturated solution is prepared by 
mixing, on the day of analysis, the 5 ml. of acetate buffer and 15 ml. of 32 per cent 
ferricyanide, and bringing the mixture completely to equilibrium with the atmos- 
phere, with respect to gas content. The equilibration may be accomplished by plac. 
ing the solution in a half liter flask and rotating the liquid about the walls of the flask 
for a few minutes, or by bubbling a rapid stream of air through the solution. In 
either case the temperature of the solution is taken at the end of the saturation, to 
make sure that it is within 0.5° of that of the room. The aerated solution is drawn 
up into a 25 ml. burette, provided with a capillary stem that is fitted with a rubber 
ring at the tip and that is long enough to reach to the bottom of the cup of the mano- 
metric chamber. The extent to which the air content of the solution may vary on 
different days is indicated by the c corrections of the top row of figures in Table V. 
In the burette the air content of the solution will not change significantly during the 
day, unless unusual variations occur in temperature or barometer. 


The deaerated solution is required when precision is needed, such as is 
required for the determination of inactive Hb from the difference between 
total and active Hb. The procedure generally used to prepare air-free 
reagents, viz. to extract the air in the Van Slyke-Neill chamber and store 
the solution over mercury, cannot be used here, because contact with 
mercury reduces the ferricyanide to ferrocyanide. The procedure adopted 
is to deaerate the solution in an evacuated flask, and then draw it up into 
a syringe of which the dead space is filled with deaerated mineral oil (Fig. 1). 
Between analyses the syringe is suspended with its tip dipping into mercury. 


The syringe is charged with air-free oil and solution as follows: Deaerate 50 to 
60 ml. of mineral oil by placing it in a 250 ml. suction flask, evacuating the flask, 
warming the bottom in a bath at 60-70° and occasionally whirling the solution about 
the flask, until evolution of bubbles ceases. For the evacuation a water pump 
suffices (15 to 20 mm.), but deaeration is more rapid with a mechanical vacuum pump, 
lowering the pressure to about 1 mm. After the oil is deaerated, open the flask, 
immediately draw about 5 ml. of the oil from the bottom layer into the syringe, and 
eject the air bubble. 

Under the oil remaining in the suction flask run 5 ml. of the acetate buffer solution 
and 15 ml. of the 32 per cent ferricyanide solution. Evacuate with a water pump and 
deaerate as described for the oil. When the evacuated flask is warmed, the aqueous 
solution boils and the vapor accelerates removal of the last portions of air. After the 
solution has boiled in vacuo for a few minutes, close the rubber tube at the outlet with 
a screw clamp and let the evacuated flask stand for 5 or 10 minutes, until the aqueous 
solution settles out of the emulsion. Then open the flask and immediately draw the 
solution into the syringe under the oil. Hang the syringe with its tip dipping under 


mercury. 
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Procedures for Total Hb, Active Hb, and CO Content of Blood 


The procedure for total Hb consists of (1) reducing the ferrihemoglobin 
to ferrohemoglobin with Na,S.O,, (2) saturating the Hb with CO gas, 
(3) extracting the uncombined CO and N; from the solution, (4) adding 
ferricyanide to set CO free from HbCO, and (5) extracting and measuring 
the CO liberated from the HbCO. 

For active Hb, the procedure is the same as for total Hb except that step 
(1) is omitted. 

For the CO content of drawn blood the procedure is the same as for total 
Hb, except that step (2) is omitted, and pressure readings are taken at 
0.5 ml. volume, even when the sample is 2 ml. 

The procedure for total Hb with 1 ml. samples will be detailed, with 
indication of the steps that are omitted when active Hb or CO content is 
determined. For samples of 2, 0.5, 0.2, or 0.1 ml. the procedure is the 
same as for 1 ml., except that different amounts of reagents are used, as 
indicated in Table II, and that when 2 ml. samples are used for total or 
active Hb the pressure readings are made with the CO gas at 2.0 ml. rather 
than 0.5 ml. volume. 

Transfer of Blood Sample to Chamber of Gas Apparatus—2 drops of 
caprylic alcohol are placed in the cup of the chamber, and most of the 
alcohol is drawn down into the chamber, enough being left above the cock 
to fill the capillary between the cock and the cup. 3 ml. of the saponin- 
borax solution are placed in the cup, and about 0.5 ml. is drawn down into 
the chamber. The admission of solution, and of the blood later, is con- 
trolled by the cock leading to the mercury bulb, the cock at the top of the 
chamber being left open. If the blood has been standing, even for a 
minute, it is thoroughly mixed, and the sample is drawn into a 1 ml. 
pipette (without stop-cock), calibrated for complete delivery, and fitted 
at the tip with a rubber ring. The tip of the pipette containing the sample 
is pressed through the solution in the cup above the chamber and the 
rubber ring is fitted into the bottom of the cup as shown in Fig. 2. The 
blood is then delivered at a slow, even rate into the chamber, the rate of 
delivery being regulated by the cock leading to the mercury leveling bulb. 
About 2 minutes should be taken to empty the pipette, in order to obtain 
the most exact delivery of the blood sample. The delivery is continued 
until all the blood has left the pipette, and a slight bubble of air has followed 
the blood into the capillary beneath the cup. The cock at the top of the 
chamber is then closed, and the bubble at the top of the capillary is dis- 
lodged by means of a fine wire dipped into caprylic alcohol. A little of the 
saponin-borax solution is then run into the chamber to wash the blood 
out of the capillary. 

Addition of Na,S:O, (Omitted in Determination of Active Hb)—To the 
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saponin-borax solution remaining in the cup above the chamber 35 + 5 mg. 
of pulverized Na,S,0, are added from the calibrated glass spoon. At once 
after the hyposulfite is added, it is dissolved by stirring for a few seconds 
with a slender rod, and the borax-hyposulfite solution is immediately 
drawn down into the chamber, before atmospheric O; can oxidize the 
hyposulfite. Enough solution is left above the cock to fill the capillary, 
About 0.5 ml. of mercury is poured into the cup to provide a seal for the 
tube from which the CO gas is next delivered. 





4 
' 


Fia. 2. Delivery of blood sample into chamber of Van Slyke-Neill apparatus 


Delivery of CO into Chamber of Gas Apparatus (Omitted in Determination 
of CO Content of Drawn Blood)—From the modified Hempel pipette ap- 
proximately 10 ml. of CO (volume at atmospheric pressure) are delivered 
into the chamber, as described by Van Slyke and Hiller (3). The measure- 
ment is sufficiently accurate if it is within +10 per cent. The CO may be 
measured by volume at approximately atmospheric pressure by admitting 
the CO until 10 ml. are present, as measured by a mark made on the water 
jacket of the chamber. Or the CO may be measured by pressure, a 
described by Van Slyke and Hiller (3): the mercury meniscus is lowered 
to the 50 ml. mark, and alternately CO is admitted at the top of the chamber 
and mercury at the bottom, the mercury meniscus being kept near the 
50 ml. mark, until the pressure indicated by the manometer has risen 


150 mm. 
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Saturation of Hemoglobin with CO (Omitted in Determination of CO 
Content of Drawn Blood)—The 0.5 ml. of mercury in the cup is run into 
the chamber, enough being left behind to fill the capillary above the cock. 
The mercury in the chamber is lowered to the 50 ml. mark, and the chamber 
is shaken for 1.5 to 2 minutes. It is desirable not to shake longer, because 
contact for as long as 5 minutes at this stage between the hemoglobin and 
the alkaline solution appears to cause the beginning of denaturation; the 
amount of HbCO after 5 minutes saturation has been found slightly less 
(a few hundredths of a volume per cent of CO) than after 1 or 2 minutes. 
During the shaking the chamber should not be exposed to direct sunlight. 
After the shaking is complete, the CO gas is ejected from the chamber.? 

With the above treatment the cells have been laked by the saponin, the 
0, originally present in the blood has been reduced by hyposulfite, any ; 
ferrihemoglobin present has been reduced to ferrohemoglobin, and, together 
with the ferrohemoglobin originally present, has been combined with CO 
toform HbCO. Also, the greater part of the N, has been extracted from 
the solution. 

Extraction of Uncombined CO and Residual Nz from Solution—The cock 
at the top of the chamber is sealed with mercury, the mercury in the cham- 
ber is lowered to the 50 ml. mark, and the evacuated chamber is shaken 
for 2 minutes at the rate of 300 to 400 oscillations per minute. The solution 
must be protected from direct sunlight or bright diffuse light, as light 
decreases the affinity of Hb for CO. If the room is at all bright, the cham- 
ber is covered with a black cloth during the extraction. The extracted gas 
is ejected, without ejection of any of the solution,? and the cock is again 
sealed with mercury. The only gases now left in solution are CO in the 
form of HbCO, and CO, chiefly as HCO;- and CO;~. As shown by Horvath 
and Roughton (9), in the alkaline borax solution, in the dark, the affinity 
of Hb for CO is so great that no significant part of the CO present as HbCO 
is lost during the extraction. 

Extraction of CO from HbCO—The mercury in the chamber is lowered 
enough to bring the surface of the aqueous solution down into the broad 
portion of the chamber. This is done in order to avoid precipitation of 
methemoglobin on the walls of the upper narrow part of the chamber when 
the ferricyanide-acetate is next added. In the cup above the chamber are 


*The following technique serves for ejecting gases without loss of solution. With 
the cock leading to the leveling bulb open, the mercury in the leveling bulb is brought 
to the level of the solution meniscus in the chamber, putting the contents of the 
chamber under slight positive pressure, and the cock leading to the leveling bulb is 
closed. The bulb is then placed in the ring above the level of the chamber, the cock 
at the top of the chamber is opened, and the gas is ejected by slowly opening the 
cock leading to the leveling bulb. The ejection is continued until the aqueous 
meniscus rises through the cock and fills the capillary between the cock and the cup. 
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placed about 0.5 ml. of mercury and 1 or 2 ml. of water. The syringe 
containing the deaerated ferricyanide-acetate solution (or the burette jf 
an air-saturated solution is used) is held with the tip above the water jn 
the cup, and a drop of the solution is delivered into the water in order to 
expel any air that may be in the tip. The tip is then pressed through the 
mercury so that the rubber ring fits against the bottom of the cup, and 
1.5 ml. of the ferricyanide-acetate reagent, measured by the graduation on 
the syringe, is admitted into the chamber, the inflow being regulated by 
the cock at the top of the chamber. The cock is then sealed with mercury 
from the cup, and the cup is rinsed with water to remove any ferricyanide 
left in it. The mercury in the chamber is then lowered to the 50 ml. mark 
and the chamber is shaken 3 minutes to extract the CO, which is accom- 
panied by CO, set free from blood and reagents by the acid in the 
ferricyanide solution. 

Absorption of CO, and Measurement of CO—Mercury is admitted from 
the leveling bulb to the chamber until the gas space is decreased to between 
3.5and4ml. 3 ml. of air-free 1 N NaOH are placed in the cup with mini- 
mal exposure to air, and the lower 1.5 ml. are at once run into the chamber, 
without agitation, during 30 to 60 seconds. The gas space previously 
left in the chamber should be such that the last portion of the added alkali 
mounts into the narrow tube with the 2 ml. mark. The alkali, if quietly 
added, forms a clear layer over the hemoglobin solution, permitting 
accurate reading of the meniscus. After the alkali, a few droplets of 
mercury are admitted to dislodge alkali solution from the space underneath 
the stop-cock. 1 minute is allowed for the alkali to finish draining down 
the wall; the meniscus is then raised to the 0.5 ml. mark, preferably observed 
with a hand lens, and the reading p; is taken on the manometer. The 
temperature in the water jacket is recorded. The gas is then ejected 
from the chamber,’ the solution meniscus is lowered below the 0.5 ml. 
mark, then raised to the mark, and the manometer reading pp is taken, 
with the chamber free of gases other than water vapor. 

Blank Analysis to Determine c Correction—The blank analysis is carried 
out exactly as the blood analysis, except that water is substituted for the 
blood. The p: — po value found in the blank analysis is the ¢ correction. 
In analyses of 1 ml. blood samples the c value measured, with the gas at 
0.5 ml. volume, should not exceed 1.5 mm. in determination of total Hb, 
or 3.5 mm. in determination of active Hb, if the 1 n NaOH and the acetate- 
ferricyanide solutions have been kept and used with the precaution pre- 
scribed to keep them air-free (see Table V). In analyses of 2 ml. blood 
samples, c measured with the gas at 2 ml. volume is one-fourth as great as 
in the analyses of 1 ml. samples. 

Washing Chamber after Analyses—It is necessary to remove all particles 
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of methemoglobin precipitate from the walls of the chamber. If any 
remain, they are likely to be reduced to active Hb by NaS.0, added in 
the next analysis and cause a plus error. 

After po has been recorded, without releasing the vacuum admit about 
10 ml. of water into the chamber, mix with the blood solution by agitating 
gently by hand, and then eject the mixture from the chamber. _ Fill the cup 
of the chamber with 1 nN NaOH, dissolve about 70 mg. of Na.S.O, in the 
NaOH solution, and admit the latter to the chamber, followed by about 
20 ml. of water. Lower the mercury below the 50 ml. mark and shake 
with the motor until all particles adherent to the wall are dissolved. The 


Tasie II 
Conditions for Total Hb Determination in Blood Samples of Different Size* 

















Vol 1 wn NaOH 
Volume | Capeytic |“gponine'| sea.cgy, | Comes | offerte Volume of 
z cyanide- Measured ss gas w 
alcohol borax used® chamber acetate Meas Admitted | pi and pe 
used soluton to saturate : into cup : 
sample wont Hbt solution pe re into are read 
| used chamber chamber 
mi. | drops | mi. ms. ml. ml. mi. ml. mi. 
2 3 | 4 35 + 5 10 1.5 3.0 1.5 2.0 
1 2 3 35 + 5 10 1.5 3.0 1.5 0.5 
0.5 1 1.5 18+ 2 10 1.0 2.0 1.0 0.5 
0.1-0.2 1 | 1.0 7+1 10 0.5 2.0 0.5 0.5 























* To determine active Hb, omit the NasS.O,. In all other details the procedure is 
the same as for total Hb. 

t To determine CO content of blood as drawn, omit the saturation with 10 ml. of 
CO. Make pressure readings with the gas at 0.5 ml. volume, even when the sample 
is2ml. Other details, including addition of Na»S.Q,, the same as for total Hb. 


Na,S.0, assists by reducing insoluble acid methemoglobin to the more 
soluble reduced Hb. Eject the solution from the chamber. Wash once 
with water; then admit 20 ml. of water and 2 ml. of 2 Nn sulfuric acid and 
shake, with the mercury surface in the broad part of the chamber somewhat 
above the 50 ml. mark. The dilute acid cleans the mercury of colloidal 
material that is likely to contaminate it after the previous washing with 
alkali. Eject the acid solution, and wash twice with 20 ml. portions of 
water. 

Analysis of Blood Samples of Different Size—The above directions are for 
analyses of blood samples of 1 ml. For samples of 2, 1, 0.5, 0.2, and 0.1 
ml., the volumes of reagents used, and the gas volumes at which p; and po 
are measured, are given in Table II. 

Calculation—The pressure, Poo, exerted by the CO gas is 


Pco= mi — P— ec 
where ¢ is the p; — po value obtained in the blank analysis. 
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The result in terms of volumes per cent or ma per liter of CO, or gm. 
of hemoglobin per 100 ml. of blood, is calculated by multiplying Peo by 
the proper factor in Table III or Table IV. 


TaB_e III 
Factors by which Mm. of Pco are Multiplied to Give Blood CO Content 





Tem- 
pera- 


ture 


c. 
15 
16 
17 
18 
19 


20 
21 
22 
23 
24 


Volumes per cent CO in blood 


mu CO per liter blood 






































Sample | Sample | Sample | Sample | Sample | Sample | Sample | Sample | Sample | Sample 
= 2mil.| =2mi.| = 1 mi. |= 0.5 ml.|= 0.2 ml.) = 2ml.| = 2mi.| = 1 mi. |= 0.5 mlj=02m). 
S=75|S=#275|S=255| §=3 S=17(};S=75)}|S=75|)S=55| S=3 |S#iz 
ml. ml. ml. ml. : ml. ml. ml. ml. ml. 
@=20\/e¢=05/a=05/e205(/e¢=05)/e¢=20\/e¢=05/a=05)a=05 | a@=05 
ml. ml. ml. ml. ml. ml. ml. ml. ml. mil. 
i= 1.00) i = 1.00| i = 1.00/ i = 1.00 $= 100)i = 1.00) i= 100) i=100)/i = 1.00 |i =19 
0.1248 |0.03120/0.06240/0. 1246 |0.3113 |0.05569)0.01392)0. 027840. 05558/0. 1389 
43 08 16 41 02 | 50 87 74 38) 8 
39 |0.03097/0.06194| 37 (0.3091 | 30 82 64 19} 79 
35 86 72 32 80 | 10 77 54/0.05499] 74 
30 | 75 50 28 69 |0.05490 72 44 80} 69 
| 
26 | 63 26 24| 57) 71 67 34 60} 64 
22 | 53 06} 19) 47| 51 2 24 40) 59 
18 | 42\0.06084 15| 36) 32) 57 14 20} & 
3} 31 62} 10 | 2; 12) 53} 05 0o| & 
09 | 26 41 06 14 |0.05392 48/0.02695)0.05381} 45 
| | 
o1| 10 19} 2] of4 | 73} 43] «85, = 62] 40 
01 | — 00/0.05999/0. 1198 0.2008 54) 38] 2s 76] Ss 42} 85 
0.1196 0.02989 78 04 83 | 36 34 67 24; 3 
92 | 79) 57; 89 | 73 | 18 29 58 05) = 6 
88 68 36 85 | 62 (0.05299 25 49/0.05287| 22 
s3/ 58) 15 &8s1{| SI | 79} «= 0} ss 89]tisi,s—sa 
79 | 48)0.05895 77 | 41 | 62 15 30 50 13 
75 | 37 74 73) 31] 44 11 21 33,08 
71 | 27 54] «69 | 21 | 26 06 12 15) 04 
67 | 17 33 65 | 1 | 08) 02 03/0.05198/0. 1299 





For samples of 0.1 ml., use 10 times the factors for samples of 1.0 ml. 


The factors for volumes per cent and mm of CO in Table III are cal- 
culated by Equations 6 and 7 of Van Slyke and Neill (7) (or Equations 3 
and 5 on pp. 282, 283 of Peters and Van Slyke (20)), but with values for 
the distribution coefficient, a’, of CO between the aqueous and gaseous 
phases lower than values given in Table I of Van Slyke and Neill or Table 


27 of Peters and Van Slyke. 


The values of these authors are for systems 


in which the aqueous phase is water, or water with insufficient solutes to 
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depress the solubility of CO significantly below the solubility in water. 
In the present analyses the combined concentrations of borate, ferricyanide, 
and acetate depress the solubility enough to have a slight but significant 
effect on the factors calculated. The solubility of CO was determined at 
23° by the method of Van Slyke (21) in 10 ml. portions of a mixture of 
blood and reagents, in the proportions present in the chamber at the 











TaBLe IV 
Factors by Which Mm. of Pco Are Multiplied to Give Gm. of Hemoglobin per 100 MI. 
of Blood 
Sample = 2 ml. | Sample = 2 ml. Sample = 1 ml. | Sample = 0.5 ml.| Sample = 0.2 ml. 

Temper- | S = 7.5 ml. S=75 ml. S = 5.5 ml. S=3ml. S = 17 ml. 

ature a = 2.0ml. | @=05 ml. | @=05 ml. a = 0.5 ml. @ = 0.5 ml 
i = 1.00 i = 1.00 | #= 1.00 i= 1.00 i = 1.00 
€. 
15 0.09147 0.02288 | 0.04575 0.09129 0.2281 
16 14 | 79 | 58 0.09097 73 
17 0.09082 | 70 | 40 64 65 
18 50 | 62 | 23 32 57 
19 | 18 | 53 | 06 | 00 49 
20 | 0.08986 | 45 | 0.04489 0.08968 40 
21 54 | 37 Ci 7 36 33 
22 20 29 57 02 25 
23 0.08888 21 | 42 0.08870 17 
a 56 | 13 | 26 38 09 
| | 

25 | 24 06 11 06 01 
26 0.08792 0.02198 0.04396 0.08776 0.2193 
27 62 90 80 46 85 
28 32 83 65 15 78 
29 02 75 50 0.08684 7 
30 0.08671 | 68 35 54 63 
31 42 | 60 19 24 55 
32 14 52 04 0.08594 48 
33 0.08584 45 0.04290 66 40 
34 54 38 75 37 33 

















For samples of 0.1 ml., use 10 times the factors for samples of 1.0 ml. 


time the CO is extracted, and was found to be 0.71 as great as the solubility 
in water at the same temperature. Consequently all the values for the 
a’ of CO in Table I of Van Slyke and Neill were multiplied by 0.71 to obtain 
the a’ values for the present calculations. The effect of the depression 
of a’ is to depress the factors for blood samples of 1 or 2 ml. by approxi- 
mately 1 part per 1000. With 0.5 and 0.2 ml. samples the depression is 
less, 
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The factors in Table IV for gm. of hemoglobin per 100 ml. were ¢al- 
culated by multiplying the mm factors by 16.43/10, since Bernhart and 
Skeggs (22) have shown that the Fe content of human hemoglobin js 
0.340 per cent, indicating that 1 gm. atom of Fe, or mole of CO, combines 
with 16,340 gm. of human hemoglobin. 


Calculation of Inactive Hemoglobin 
Inactive Hb = total Hb (with NaS2O,4) minus active Hb (without Na,S,0,). 


Importance of Consistent Deaeration of Ferricyanide-Acetate Reagent, 
and of Other Factors, to Prevent Error from Variable Blanks 


The accuracy of the analysis depends on keeping the amount of all gases 
except CO, present at the time the p; reading is made, at a constant, and 
preferably a minimal, amount, for which accurate correction can be made 
by blank analysis. If the ferricyanide-acetate reagent contains any air, the 
latter will all be extracted into the gas phase with the CO when active hemo- 
globin (without Na,S.O,) is determined, and will be measured with the CO. 
When total Hb is determined, only the N:2 of air admitted with the ferri- 
cyanide-acetate solution appears in the final gas measured. The 0, is 
removed by the NaS2O, present. Although the ferricyanide is added in 
such great excess over the Na,S,O, that the latter is all oxidized, it appears 
that the reaction of the NasS,O, of the blood mixture with O, in the added 
ferricyanide reagent is quicker than the reaction with the K;Fe(CN)., be- 
cause the O, practically all disappears, as is shown by the extent to which 
blanks for total Hb fall below those for active Hb (Table V). 

The effect of air added with the ferricyanide-acetate reagent is indicated 
by the results in Table V for c values determined for the conditions of analy- 
sis of 1 ml. blood samples. 

Table V indicates that, even when the ferricyanide reagent is deaerated 
and stored in a syringe sealed with deaerated oil, as described for the present 
methods, a slight amount of air (averaging about 1.5 c.mm.) nevertheless 
enters the Van Slyke-Neill chamber dissolved in this reagent. For the total 
Hb determination (with Na.S.0,), the maximal variation of the blank, when 
the deaerated reagent was prepared as directed, was +0.5 mm. from the 
mean, or about 1 part in 600 of the reading obtained in total Hb determina- 
tions on normal blood. For active Hb (without Na.S.0,) both the blank 
and its variation are about twice as great. 

When the deaerated reagent was stored as directed, in a syringe sealed 
with oil that had also been deaerated, we have never observed a significant 
increase in the blank during a working day. When the solution was per- 
mitted to stand in the syringe till the next day, in some cases there was no 
increase; in others the blank was measurably higher. The difference in 
protection from the air may have been due to differences in the closeness of 
fit of syringe piston to barrel. 
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In the blood analyses reported in this paper, the blanks for both active 
and total Hb were determined each day with ferricyanide-acetate reagent 
deaerated that day. 

Other sources of error from non-CO gas could be failure to extract com- 
pletely the N: of the blood and saponin-borax mixture in the first stage 
of the analysis, and failure to use well deaerated NaOH solution to absorb 


TABLE V 


Value of c Correction Determined with Ferricyanide-Acetate Reagent Deaerated and 
Stored in Different Ways 














¢ correction measured with gas at 
0.5 ml. volume; conditions for 
Measures to provide deaerated ferricyanide- Replicate analysis of 1 ml. blood sample 
acetate reagent determinations 
For active Hb For total Hb 
determination determination 
(no NasS20.) (NazS20, present) 
mm. mm. 

No deaeration; reagent used from | 10 on different 18.7-26.5 12.2-19.4 
open vessel at room temperature days 
approximately saturated with 
air | 

Deaerated and transferred to burette | 2 9.5-10.7 3.8 
under air-saturated paraffin oil; 
used at once 

Deaerated and transferred to syringe 
(Fig. 1) containing air-saturated 
oil 

Used at once 2 6.9 
“next day 2 11.0-11.6 6.0 

Deaerated and stored in syringe (Fig. | 20 on 10 dif- 1.8- 3.4 0.6-1.3 
1) containing oil also deaerated ferent days 
as described for present methods; 
used within 8 hrs. of deaeration 

Ec cgviensnvshscbevdhiaeante 2.5 1.1 














CO, at the last stage. Both these sources are, however, easily made to 
approximate zero if the preliminary extraction of N, and the deaeration and 
use of the 1 N NaOH are carried out as directed. 


Photometric Determination of Methemoglobin 


The method of Horecker and Brackett (16) which was used is based on 
measurement of the decrease in optical density (wave-length 8000 A) caused 
by adding KCN to a borate-buffered solution of the blood, of which the pH 
isapproximately 9.4. The change from methemoglobin to cyanhemoglobin 
decreases the optical density to 13 per cent that of the methemoglobin; the 
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KCN does not affect the optical density of any other substances than 
methemoglobin known to be present in blood. In order to increase the sen- 
sitivity of the method for measurement of small concentrations of methemo- 
globin, the procedure of Horecker and Brackett was modified by diluting 1 
ml. of whole blood with saponin-borax solution to 5 ml. rather than 10 ml, 
Measurements of optical density were made with a Beckman quart spee- 
trophotometer, with transmitting layers of 1 cm. of solution. The photo- 
meter was calibrated by means of blood standardized for total Hb content 
by the carbon monoxide method described in this paper. For calibration 
of the photometer portions of blood thus standardized were laked, the 
Hb was all converted into methemoglobin by an excess of ferricyanide, and 
the optical density of the ferricyanide-treated, 5-fold diluted blood was 
measured, before and after addition of KCN. Decrease of 1 unit in optical 
density corresponded to a concentration of 3.90 gm. of methemoglobin per 
100 ml. in the observed solution, and to 19.5 gm. of methemoglobin per 100 
ml. of the original blood. 
Data from a typical determination on a normal blood are 

D, (optical density before adding KCN) = 0.497 

mat CU “after = “  ) = 0.493 

D, — Dz 0.004 

Methemoglobin per 100 ml. blood = 0.004 X 19.5 = 0.08 gm. 


The optical density readings were estimated to 0.001 density unit on a 
scale divided into 0.01 unit divisions, the total density readings being, as in 
the above example, in the neighborhood of 0.5. Probably the error of any 
one reading did not exceed +0.002 density unit, or the sum of the errors 
+0.004 unit, which would cause an error of +0.08 gm. of methemoglobin 
per 100 ml. of blood, equivalent to about +0.4 per cent of the total hemo- 
globin. The positive result for methemoglobin in the above example there- 
fore might be obtained in a blood that had no methemoglobin, but only in 
the infrequent case that maximal reading errors of the two density readings 
occurred in opposite directions. 


EXPERIMENTAL 
Comparison of Total Hemoglobin Determinations with 
Blood Samples of 1.0, 0.2, and 0.1 M1. 
In Table VI are given results of quadruplicate analyses with samples of 
the three different volumes. The material analyzed was a dog blood of 
unusually high hemoglobin content. 


Comparison of Active Hemoglobin Determinations by Oxygen Capacity and 
Carbon Monoxide Capacity Respectively 

Portions of about 15 ml. each of blood from three normal men were placed 

in tonometers of 250 ml. capacity and rotated at room temperature of about 
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93° to saturate the blood with air. Rotation was continued for an hour 
before analyses were begun, in order to permit approximate completion of 
any change from inactive to active Hb (discussed later). Then three suc- 
cessive samples of 1 ml. of each blood were taken at approximately 20 
minute intervals and analyzed for O, + CO, the rotation of the tonometer 
being resumed after each sample was taken. Both O; and CO, mixed with 
CO, and Ne, were set free from the blood by ferricyanide, the CO, was ab- 
sorbed with sodium hydroxide solution, and the pressure of the residual Oz 
+ CO + No» gas was measured with the gas at 0.5 ml. volume. From the 
gas thus meacured the physically dissolved O, + N; in blood saturated with 
air at the observed temperature and barometric pressure was estimated 
from the Nz and O, solubilities in blood (23, 24) (the solubilities are shown 














TaBLe VI 
Comparison of Total Hemoglobin Measurements with Blood Samples of 1.0, 0.2, 
and 0.1 Ml. 
All Pco measurements with gas at 0.5 ml. volume. 
Samples of 1 ml. Samples of 0.2 ml. Samples of 0.1 ml. 
Poo — Hb Poo | —— Hb Peo = 4 Hb 
wm | cc. | omer | mm | cc. | mtr | mm | oe. | om te 
422.3 | 23.0 18.76 84.7 | 24.1 18.74 41.5 22.3 18.5 
422.2| 23.0 | 18.75 | 84.8 | 24.6 | 18.73 | 41.3 | 22.6 | 18.4 
423.0 | 23.5 18.76 84.5 | 24.6 | 18.71 42.6 23.9 18.9 
422.5 23.3 18.75 85.0 23.7 18.84 42.4 24.0 18.8 

















by curves in Fig. 48 of Peters and Van Slyke (20)), and were sub- 
tracted from the total O. + CO + N, found to obtain the O; + CO bound 
by the active Hb. This procedure was used instead of determination of 
the O. alone by absorption from the extracted gases with Na,8,O, solution, 
because the latter procedure fails to include the small amounts of CO bound 
as HbCO that are usually found in human blood; such CO, as is shown by 
Roughton, Darling, and Root (5), is but slowly and incompletely displaced 
by O, during even prolonged equilibration with air at room temperature. 
By the procedure used, any HbCO present at the end of saturation is in- 
cluded in the measurement of active Hb by O, capacity. 

After the three oxygen capacity determinations had been completed, 
samples were taken for determination of active Hb and total Hb by the 
carbon monoxide methods described in this paper. 

The results (Table VII) confirm a series of O. and CO capacities, obtained 
by Van Slyke and Hiller (3) with earlier methods, in failing to show a con- 
sistent difference between CO capacity and O, capacity in normal human 
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blood. In normal blood it appears that there can be but little of any hy- 
pothetical heme derivative capable of combining with CO but not with 0, 
That such heme derivatives may occur in pathological blood, however, js 
indicated by the extraordinary figures found by Roughton, Darling, and 
Root (5) in a case of idiopathic cyanosis with 15.4 volumes per cent of 0, 
capacity and 22.4 volumes per cent of CO capacity (without Na28,0,). 


TaBLe VII 


Comparison of Active Hemoglobin Determinations in Normal Human Blood by Oxygen 
Capacity and by Carbon Monoxide Capacity 











Approximate 
ye hy ey Determination Subject A Subject F Subject P 
was drawn 
oy Hb _ Ab . Hb 
hrs. “a 700 wk 00 ml 
| Active Hb by O- 14.99 16.06 14.88 
1.5 ™ a 14.98 16.24 14,91 
1.8 ” = = 15.13 16.21 14.90 
2.1 Active Hb by CO 15.03 16.37 15.05 
2.6 ~_—_—* « « 15.27 16.50 15.27 

















Determinations of Inactive Hemoglobin and Methemoglobin 
in Normal Human Blood 


Venous blood, about 15 ml., was drawn from the cubital vein, usually in 
the morning, without regard to time elapsed since the last meal. The blood 
was immediately transferred from the syringe to a 25 ml. test-tube in which 
a film of 15 to 20 mg. of potassium oxalate had been dried. The tube was 
stoppered and inverted to dissolve the oxalate, and immediately three 
samples of 1 ml. each were taken. Two were used by analysts H and P to 
start simultaneous duplicate determinations of active hemoglobin by the 
carbon monoxide method, and the third was used for photometric methemo- 
globin determination. To start the analyses with minimal delay, two Van 
Slyke-Neill chambers were previously prepared with saponin-borax solution 
in their cups, and the blood samples were transferred to the gas chambers 
and mixed with the saponin-borax solution within 2 to 3 minutes from the 
time the drawing of the blood was finished. The analysis of the sample for 
photometric methemoglobin determination was also started within 2 to 3 
minutes. 

At intervals, indicated in Table VIII, additional samples were taken for 
analysis from the test-tube, the latter being inverted repeatedly to assure 
uniform mixture of the cells before each sample was taken. Samples for 
duplicate determinations were always taken simultaneously, in order to 
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Tas.e VIII 


Simultaneous Determinations of Inactive Hemoglobin by CO-Gasometric Method and of 
Methemoglobin by Cyanide-Photometric Procedure 


139 








Blood 
No. 














Gm. Hb per 100 ml. blood ns east 
Interval 
between 
Subject — Total and active by CO Inactive by CO Met- pene Met- 
start of Hb, ay Hb, 
analysis po > = -— oo —- = — of — 
min. 
Or 2 2 Active 13.15) 13.13} 0.07) 0.17) 0.00} 0.9 | 0.0 
76 = 13.11] 13.23} 0.11} 0.07} 0.00 0.7 0.0 
116 = 13.11) 13.23} 0.11} 0.07) 0.00 | 0.7] 0.0 
40 Total 13.22} 13.22 
150 ” 13.21] 13.27 
Vid 2 Active 15.48) 15.68} 0.33) 0.23) 0.15 1.8; 0.9 
43 oss 15.57) 15.76) 0.24) 0.15) 0.24 1.3 1.5 
127 = 15.70} 15.81; 0.11) 0.10) 0.07 | 0.7 | 0.4 
80 Total 15.81} 15.91 
DVS ¢ 2 Active 14.99] 15.06) 0.25) 0.15) 0.10 1.3 0.6 
69 . 15.10} 15.05) 0.14) 0.16) 0.07 1.0 | 0.4 
214 es 15.12} 15.25; 0.12/—0.04) 0.12 | 0.3) 0.8 
246 o 15.25 —0.04 
37 Total 15.25] 15.21 
270 = 15.22 
DVS ¢ 3 Active | 14.79 0.24 0.00; 1.6{ 0.0 
26 w 14.90 0.13 0.9 
204 “ 14,95 0.08 0.5 
56 Total 15.02 
165 * 15.04 
Cho 2 _Active | 16.48) 16.49) 0.23) 0.30) 0.00; 1.7) 0.0 
79 " 16.65) 16.49} 0.06) 0.30) 0.09 1.1 0.5 
118 "7 16.64} 16.59} 0.07) 0.20) 0.00} 0.8); 0.0 
40 Total 16.71| 16.79 
Ch ¢# 3 Active | 16.35] 16.55) 0.33) 0.16] 0.09; 1.5] 0.5 
37 " 16.36} 16.62} 0.32) 0.09 1.2 
67 Total 16.66 
107 wi 16.70} 16.71 
Ch @# 3 Active | 15.90) 15.99} 0.17) 0.15) 0.04 1.0; 0.3 
267 ” 15.99} 15.99} 0.08) 0.15 0.7 
33 Total 16.07} 16.14 
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TaBLeE VIII—Continued 


















































Per cent o! 
| —— Gm. Hb per 100 ml. blood total yy 
Ne. | Subject | Dlceding | Total and active by CO | Intacive by CO} afer. |PeGD'! Met No 
| — ) Bb, | hom *| 2, 
| Sermauaed AM [Amur tmp Amapa| | S| e 
| min. oe 
s | Wed 2 | Active | 15.38) 0.22 0.00! 1.4] 0.0 16 
43 ‘s 15.35} 15.52) 0.25) 0.07) 0.00] 1.0! 0.0 
120 «“ 15.60] 15.54) 0.00) 0.05) 0.00} 0.2] 0.0 
71. | Total | 15.60) 15.59 | 
9 | Wee 3 | Active | 14.63) 14.63) 0.19 0.18) 0.02 | 1.2] 0.2 li 
120 “ 14.77| 14.80, 0.05, 0.06 0.4 
35 | Total | 14.82 14.86 | 
10 | Em¢@ 2 Active | 16.46) 16.54 a 0.15) 0.18 | 0.9] 1. 18 
103 . 16.51) 16.56 0.11| 0.13) 0.02! 0.7| 0.1 
246 “ 16.48] 16.51; 0.14) 0.18] 0.20} 0.9} 1.2 
35 Total 16.62) 16.73 
70 «“ 16.61| 16.64 19 
ll | Spe 2 Active | 14.61| 14.66] 0.12) 0.09) 0.06] 0.7) 0.4 
118 “ 14.67} 14.72} 0.06} 0.03) 0.22| 0.3] 1.5 
154 “ 14.66] 14.75] 0.07} 0.00) 0.10] 0.3] 0.6 ae 
37 Total | 14.73) 14.74 
78 « 14.72] 14.7 
12 | Are 2 Active | 15.19] 15.24) 0.20} 0.18} 0.04] 1.2] 0.2 
92 “ 15.32] 15.331 0.07; 0.09] 0.00| 0.5} 0.0 
212 «“ 15.31] 15.32} 0.08; 0.10) 0.00| 0.5| 0.0 : 
36 Total | 15.39] 15.42 = 
| Ti 
13 | Fod 2 Active | 16.78] 16.70) 0.26] 0.29|0.15| 1.6] 0.9 
| 40 «“ 16.77, 16 78| 0.27; 0.21/ 0.07| 1.4/ 0.4 _ 
108 “ 16.94! 16.90| 0.10; 0.09) 0.06| 0.6/| 0.3 
70 Total 17.04) 16.99 
| | 
4 | Phe 2 Active | 16.03] 15.98] 0.04) 0.15| 0.06 | 0.6] 0.4 
44 “ 15.99] 16.08} 0.08! 0.05) 0.04 | 0.4] 0.2 
120 zt 16.04} 16.07; 0.03| 0.06) 0.02| 0.3] 0.1 3 
80 | Total | 16.05) 16.13 
| 300 « | 16.08 | | | Me 
| | | * 
15 | Nag 3 Active | 13.19) 13.25) 0.08) 0.19 0.00 1.0 | 0.0 C 
| 74 “ 13.38} 13.37|—0.11] 0.07) 0.00 |—-0.1 | 0.0 9 
37 Total 13.27) 13.44) | in 
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TaBLE VIII—Concluded 















































Gm. Hb per 100 ml. blood wer eat 
Interval 
between . 
Blood} Subject | MSS | Total and active by CO | Inactive by CO| fee. by cos nets 
jn l phot>- mean | photo- 
m | Rormof Hp |Anaiyst Analyst Analyst |Analyst | metric | of H. | metric 
i min. | 
16 | KVS¢@ 3 Active | 15.32) 15.33} 0.18) 0.18} 0.04 | 1.2) 0.2 
32 Total 15.47} 15.61 
72 = 15.60 
109 = 15.53 
17 As 9 3 Active 13.85) 13.82) 0.18) 0.26) 0.04 1.6; 0.3 
32 Total 14.01) 14.06 
72 ™ 14.04) 14.10 
18 Dod 3 Active 14.75) 14.81} 0.22) 0.27) 0.10 1.6 0.6 
33 Total 14,94) 15.11 
69 wi 15.00} 15.05 
19 | Hie 3 | Active | 14.81 0.21 0.04} 1.4] 0.2 
33 a 14.83 0.19 1.3 
148 Total 15.02 
176 se 15.02 
TaBLe IX 


Blood samples of 2 ml. 


Constancy of Measurements of Total Hemoglobin in Blood Standing at Room 


Temperature after Drawing 




















bleedi Total Hb foynd Time be b Total Hb 
aa *100 ml. blood a off00 onl, blood 

hrs. gm. hrs. gm. 

0 14.50 3.5 14.66 

0.5 14.55 4.0 14.54 

1.0 14,51 4.5 14.44 

1.5 14.44 5.0 14.58 

3.0 14.57 5.5 14.52 
Neen ee wad aainicawace-edmcnis tae 14.53 


Standard deviation from mean 
Gm. Hb per 100 ml., +0.066 
% of mean, +0.45 
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avoid differences from the slight increase of active Hb that was usually 
noted in successive analyses. The total Hb, however, did not show any 
trend of change during the 2 to 4 hours duration of each set of observations 
(see also Table IX). Consequently, for a given blood, the successive inae- 
tive Hb values measured by each analyst were calculated by subtracting 
the successive single active Hb values from the mean total Hb value ob- 
tained by that analyst. 


TABLE X 


Precision of Results in Table VIII for Total, Active, and Inactive Hemoglobin Estimated 
by Comparison of Simultaneous Duplicate Analyses by Two Analysts 


Analyses with blood samples of 1 ml. 








Pr of — 

of simulta- | . Probable 
’ neous dupli- | my yes Standard deviation | variation in 
Substance determined cate analyses of individual results results of 


by analysts | two 1 ae from mean difference* 


el r 
H _ P analystt 














gm. IIb per cent . Hb nt 
per 100 of total oa 100 YT total per cent of 
mi. ml. A 


Hb 4 total Hb 
Active “ ... 40 +0.047| +0.30 | +0.086) +0.56 +0.38 











— 
Total Hb oS 23 | +0.054 +0.35 | +0.058} +0.38 | +0.26 


Inactive Hb........ 40 —0.001) +0.00 | +0.095) +0.62 | +0.42 








* Standard deviation calculated as Vx(d)?/(N — 1) where d = H-P-—M,H 
being the value found by analyst H, P the value found by analyst P. 
t Calculated as the probable error = 0.674 X standard deviation. 





This procedure canceled, with regard to the inactive Hb, the effects of 
consistent tendency of analyst H to obtain results about 1/300 higher than 
analyst P for both total and active Hb (see Table X). 


RESULTS 
Range of Inactive Hemoglobin Content of Freshly Drawn Blood 
From the results in the next to the last column in Table VIII, the range 


of inactive Hb in the freshly drawn blood of the nineteen subjects was from 
—0.1 to +1.8 per cent of the total Hb, the mean being 1.3 per cent. 


Constancy of Total Hemoglobin Measurements in Successive Analyses of Blood 
Standing at Room Temperature after Drawing 


In Table VIII successive determinations of total Hb performed on in- 
dividual blood specimens after the latter had stood for varying intervals 
from the moment the blood was drawn show no trend of the results 
to change with the duration of the interval after drawing. A further test 
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of the point was made by making ten successive total Hb determinations 
during a period of 5.5 hours after the blood was drawn (Table IX). Blood 
samples of 2 ml. were used. The results indicated no change during this 
period in the material measured as total Hb. Similar constancy was ob- 
served by Roughton, Darling, and Root (5). 


Reproducibility of Results by Carbon Monoxide Method for Total, Active, 

and Inactive Hemoglobin 

In measurements of total Hb the standard deviation of +0.45 per cent 
from the mean in Table IX indicates that with samples of 2 ml. half the 
results of a series should fall within +0.3 per cent (0.67 X s.p.) of the mean, 
and that 95 per cent should fall within +0.9 per cent, figures which are 
consistent with results obtained in the series of Table LX. 

When samples of 1 ml. were used, the results of Tables VIII and X indi- 
cate that reproducibility was about the same as that obtained with 2 ml. 
samples. In Table VIII are sixteen pairs of duplicate total Hb determina- 
tions in which the determinations of each pair were performed on 1 ml. 
samples by the same analyst (ten pairs by P and six by H). In only one of 
the sixteen pairs does the difference between duplicates exceed 0.06 gm. 
per 100 ml. of blood, or 0.4 per cent of the Hb determined. 

In determinations of active Hb, successive determinations by the same 
analyst could not be used as exact duplicates because of the tendency of 
active Hb to increase at the expense of the inactive Hb during the intervals 
between successive analyses. Consequently an estimate of precision has 
been made in Table X from the agreement obtained in duplicate simul- 
taneous analyses, in which one analysis of each pair was carried out by a 
different analyst. It appears that some constant difference, such as the 
calibration of instruments or the manner of reading the meniscus at the 0.5 
ml. mark of the Van Slyke-Neill chamber, was present between the two 
analysts, since the results of H for both total and active Hb averaged about 
1 part in 300 higher than the results of P. 

For inactive Hb, calculated as total Hb minus active Hb, this difference 
between the analysts is canceled. The figures in the last column of Table X 
indicate that the analytical variability of the inactive Hb is somewhat 
greater than that of either the total or active Hb, as might be expected from 
the fact that inactive Hb is calculated from the other two values. 


In Vitro Change of Inactive Hemoglobin to Active Hemoglobin 


From Fig. 3 and Table XI it is evident that during the first 2 hours after 
the blood was drawn and oxalated there was a definite trend towards a 
decrease in the inactive Hb. This was due to increase in the active Hb; 
the total Hb showed no trend of change with time (see Table IX). A 
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similar trend of decrease of inactive Hb in vitro was noted by Roughton, 
Darling, and Root (5). A summary of mean values for inactive Hb deter. 
mined by analyses of blood made immediately after drawing and after jp. 
tervals of standing at room temperature is given in Table XI. Comparison 
of the ratios in the bottom row of figures of Table XI with their standard 
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Fie. 3. Inactive hemoglobin determined in bloods that had stood for varying 
intervals at room temperature after drawing. Each solid line indicates inactive Hb 
values obtained with one blood. The dash line with three points marked by circles 
indicates average results for inactive Hb, from Table X]. The dash line with three 
points marked by triangles indicates average results for photometrically determined 
methemoglobin, from Table XI. 


deviations indicates the improbability that the observed decreases in inac- 
tive Hb with time can be due to analytical error. 
Inactive Hemoglobin Other Than Methemoglobin 


Methemoglobin, determined in the freshly drawn blood by the photo- 
metric KCN method, was usually lower than the inactive Hb (Fig. 3 and 
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Table XI); in ten of the nineteen bloods the freshly drawn blood showed 
only 0 to 0.3 per cent of the total Hb as methemoglobin, values within the 
limit of sensitivity of the method. 

Unlike the inactive Hb, the methemoglobin showed no consistent trend 
of change during 2 to 4 hours standing after the blood was drawn. The 
total amounts determined were so near the limits of measurement that the 
observations cannot be taken as proof that the methemoglobin content of 


TasLe XI 
Comparison of Results for Inactive Hb and Methemoglobin 














Per cent of total Hb as inactive Hb or methemoglobin 
: Period I.Analyses | Period II. Blood | Period III. Blood 
Material determined iss. of begun within 3 min.| stood 0.5-1.5 hrs. stood 2-4 hrs. 
S.D. 8.D. S.D. 
Mean from Mean from Mean from 
mean mean mean 
EN ic duece sada 19 1.28 | 40.35 
Methemoglobin.............. 19 0.36 | +0.34 
Sg ee 10 1.29 | +0.35) 0.90 | 40.32) 0.56 | 40.23 
Methemoglobinf............. 10 0.41 | 40.44) 0.44 | 40.59) 0.33 | +0.44 
Ratio, inactive Hb of Periods 
II and III to inactive Hb 
SEE BUR. voces cvcsece 10 0.67 | 40.14) 0.44 | +0.20 


























* Each inactive Hb value used is the mean of duplicates by different analysts. 

t The ten bloods in this set are those of the nineteen in the first set on which inac- 
tive Hb and methemoglobin were determined in all three periods. 

t For methemoglobin the ratios of values of Periods II and III to Period I are not 
usable because about half the values are zero. 


the blood did not change during the above observation periods in vitro, but 
they show little evidence of tendency towards such change. 

The results indicate that freshly drawn normal human blood may contain 
an average of about 1 per cent of its total hemoglobin (or material measured 
as “total Hb”’ by the Na2S.0.-CO method) in an inactive form that resem- 
bles methemoglobin in its ability to bind CO only after reduction of its 
Fe*++ to Fe++, but that differs from methemoglobin in not showing the 
methemoglobin color reaction with cyanide, and in rapidly acquiring ability 
tocombine with CO as the blood stands in vitro. However, the sum of the 
errors of the determinations of methemoglobin and inactive Hb is too great 
to permit making this conclusion definite. 
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Discussion of Previous Determinations for Inactive Hemoglobin 


Ammundsen (4) (see the present Table I) by Van Slyke and Hiller’s (8) 
gasometric CO method, modified by diluting the blood with a urea solution 
(50 gm. per 100 ml.) instead of water, found in normal blood amounts of 
inactive Hb that scattered over a much wider range (up to 12 per cent of 
the total Hb) than those reported in the present paper. 

Kallner (10, 10, a) also used the Van Slyke-Hiller method, with the 
modification that CO at about 200 mm. tension was used to saturate the 
blood for determination of both active Hb and total Hb, whereas Van Slyke 
and Hiller, and Ammundsen, used this CO tension only for total Hb, and a 
lower CO tension (25 to 40 mm.) for active Hb. Kallner found that when 
fresh venous blood, diluted with water, was shaken in the Van Slyke-Neill 
gas chamber with CO at 25 to 40 mm. pressure the saturation of Hb with 
CO was incomplete, whereas if part of the COz2 of the freshly drawn blood 
was previously allowed to escape (by exposing the blood to air in an open 
flask, or by inverting several times in a closed flask), shaking with CO at 
25 to 40 mm. accomplished maximal binding of CO. Kallner’s explana- 
tion was that loss of CO, from the blood increased its affinity for CO, and 
thereby accelerated the formation of HbCO. When he shook with CO at 
30 to 40 mm. tension diluted blood that had been exposed thoroughly to 
air, or shook freshly drawn diluted blood with CO at 200 mm. tension, 
constant amounts of CO were bound, which were equal, within the limits 
of his experimental error (ca. +1 per cent), to the amounts bound after 

treatment with Na.S$.0,. Hence Kallner concluded that normal blood 
contains no methemoglobin or other inactive Hb, and that Ammundsen’s 
positive values for inactive Hb (found in 40 per cent of her cases) were due 
to erroneously low active Hb values, caused by incomplete saturation of 
the active Hb in analyses of freshly drawn blood. We have not checked 
Kallner’s experiments, but they offer a possible explanation for the occa- 
sional high inactive Hb values obtained by Ammundsen. 

Kallner’s own failure to observe definitely measurable amounts of inactive 
Hb may have been due partly to failure to use freshly drawn blood for the 
active Hb determination (see Fig. 3, present paper), and partly to the use 
of a technique not quite adequate for measurement of the small amounts 
of inactive Hb that are left after the blood has stood for some time. (In 
our experiments the inactive Hb 2 hours after the blood was drawn averaged 
only 0.4 per cent of the total Hb, equivalent to 0.08 volume per cent of CO 
capacity.) 

The fact that our values for inactive Hb cover a lower and narrower range 
than those of Roughton et al. (5) may be due to the use of a technique in 
the present experiments which achieved lower blanks, and presumably 
lower experimental error, than the procedure of Roughton et al. 
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Method of Choice for Gasometric Hemoglobin Determination 


For the most accurate blood hemoglobin values at present obtainable by 
gasometric analysis, and for standardizing other hemoglobin methods, the 
“total hemoglobin” procedure appears to be the method of choice. Results 
in this paper indicate that measurements of active hemoglobin, by O2 or CO 
capacity, without use of reducing agents to change ferrihemoglobin to ferro- 
hemoglobin, will ordinarily give results about 99 per cent as high as the 
total hemoglobin method, and even nearer 100 per cent if the blood stands 
an hour or more before being analyzed. 

The case of idiopathic cyanosis reported by Roughton, Darling, and 
Root (5), in which O, capacity, CO capacity, total Hb by CO + NarS.0,, 
and photometric hemoglobin determinations as cyanhemoglobin and alkali 
hematin, all gave widely divergent results, indicates that hemopathological 
conditions, presumably rare, exist in which no method, gasometric or photo- 
metric, can be stated to give an exact measure of the hemoglobin present. 
It is possible that in such conditions part of the pigment material present in 
the cells is not identical with either the hemoglobin or the methemoglobin 
of normal blood; in such a case different procedures for hemoglobin deter- 
mination, with factors valid for normal hemoglobin, could be expected to 
give different results. A survey of pathological bloods, with simultaneous 
photometric and gasometric total Hb values and Fe determinations, is 
desirable to ascertain what pathological conditions are likely to produce 
anomalous hemoglobin derivatives. 


SUMMARY 


Improved techniques for determining blood carbon monoxide and total 
hemoglobin, active hemoglobin, and inactive hemoglobin by the carbon 
monoxide capacity procedures are described. 

In a series of nineteen freshly drawn normal human bleods inactive hemo- 
globin by the carbon monoxide method has been compared with methemo- 
globin determined by the cyanide reaction with the photometric procedure 
of Horecker and Brackett. The analyses were repeated after the blood had 
stood at room temperature for varying intervals up to 4 hours. 

The mean methemoglobin by the photometric procedure was only 0.4 
per cent of the total hemoglobin. In about half the bloods the methemo- 
globin percentage observed was so low (0.0 to 0.3) that the presence of 
methemoglobin was uncertain. The low methemoglobin values confirm 
Paul and Kemp. The same average value was found whether the blood was 
analyzed as soon as drawn or 2 or 4 hours later. 

The mean inactive hemoglobin by the carbon monoxide method was 1.3 
+ 0.35 per cent of the total hemoglobin when the analysis was started 2 
minutes after the blood was drawn. The inactive hemoglobin decreased 
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as the blood stood at room temperature, and within 2 hours its average 
value fell nearly to the level of the photometrically determined methemo- 
globin. 

For precise gasometric hemoglobin determinations the ‘total hemo. 
globin” method, based on measurement of CO capacity after reduction of 
any ferrihemoglobin present to ferrohemoglobin, is more exact than CO or 
O: capacities measured without previous reduction of ferrihemoglobin. 
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THE EFFECT OF SULFONAMIDES ON RESPIRATORY 
ENZYMES 


By KURT I. ALTMAN* 
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Chicago, Chicago) 
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In recent years it has been established that sulfonamides inhibit the 
respiration of certain bacteria, yeasts, and tissues. This inhibition was 
first observed on intact bacteria by Barron and Jacobs (1), and it seems to 
occur simultaneously with the cessation of growth in the presence of the 
sulfonamide (2). On the basis of numerous investigations, it can be as- 
sumed that certain relationships exist between sulfonamide inhibition of 
growth and of respiration. Sulfonamides may affect these processes by 
interfering with the synthesis of the coenzymes necessary for respiration 
(3). However, it seems probable that the effect of sulfonamides on bac- 
terial respiration is only indirectly linked to their effect on growth (4-7). 

The inhibitory effect of sulfonamides on respiration has not yet been 
completely explained, although a number of studies point in the direction 
in which further progress may be made. It has been shown that sulfon- 
amides form dissociating complexes with enzymes and other proteins (8-15) 


_ and in several such cases loss of enzyme activity was found to result (16-21). 
_ The work of Dorfman, Rice, Koser, and Saunders (22) and Berkman and 





| 
| 
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Koser (23) indicates that phosphopyridine nucleotides participate also in 
bacterial respiration and it explains the restoration of normal bacterial 
growth upon addition of pyridine nucleotides to the culture medium, in 
the presence of sulfonamides (24). It has also been reported that sul- 
fonamides inhibit the respiration of Plasmodium knowlesi in the presence 
of glucose (25), which may be indicative of interference with oxidation of 
carbohydrates. 

In order to establish the point at which the drug interferes with respira- 
tion, it seemed of interest to investigate the effect of sulfonamides on each 
of the isolated components of the respiratory enzyme system involved in 
the oxidation of glucose-6-phosphate. The tests applied here for the com- 
ponents of this system possess a high degree of specificity which permits 
conclusive evaluation of drug action. The results thus obtained may 
contribute to a more precise understanding of the inhibition caused by 
sulfonamides. 

Effect of Sulfonamides on Cytochrome Oxidase—Cytochrome oxidase was 
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prepared and tested according to the method of Haas (26). Cytochrome 
c was prepared according to Keilin and Hartree (27). Cytochrome oxi- 
dase activity was determined after incubating the enzyme for 30 minutes 
to 2 hours at 25° with 0.55 X 107° and 13 X 10 m sulfanilamide, No 
inhibition was observed under these conditions, thus confirming the findings 
of Mann and Keilin (18). 

Effect of Sulfonamides on Cytochrome c—Cytochrome c was determined 
according to Haas (28). 2.0 mg. of cytochrome c were incubated for 
30 minutes with 0.1 X 10° and 2.1 X 10° m sulfanilamide in 0.04 
phosphate buffer, pH 7.1, at 25°. Inhibition of cytochrome c oxidation 
was 17 and 18.5 per cent, respectively, for the two concentrations. Since 
the inhibition was slight and was obtained only when the drug concen- 
tration was high, this effect probably plays no réle in the mode of action 
of the sulfanilamide. 

Collier (29), in studying the effect of sulfanilamide on the absorption 
spectrum of cytochrome c, has reported the reduction of cytochrome by 
this drug in concentrations of 0.4 X 107 . 

Effect of Sulfonamides on Cytochrome c Reductase—Cytochrome c re- 
ductase was determined by measuring spectrophotometrically the rate of 
reduction of cytochrome c in a system and under conditions in which eyto- 
chrome reductase is the rate-determining factor (30). The components 
of the system were prepared as follows: 

Glucose-6-phosphate was obtained by the non-enzymatic method of 
Levene and Raymond (31). Triphosphopyridine nucleotide was isolated 
from pig liver by an unpublished method of Warburg, Christian, and Griese 
based in principle on that used by Warburg, Christian, and Griese (32) 
for isolation of the nucleotide from blood corpuscles. Zwischenferment 
was prepared from Canadian top ale yeast by the method described by 
Haas et al. (30). Cytochrome c reductase was also prepared according to 
Haas and his coworkers (30, 33). 

Cytochrome c reductase, in concentrations of 1 X 10°* a, was incubated 
for 30 minutes with sulfanilamide in phosphate buffer, pH 7.5, as described 
in Table I. On the basis of these results, cytochrome c reductase does not 
appear to be the point of sulfonamide attack upon the respiratory enzyme 
system, and it seems more likely that the point of interference is at the 
dehydrogenase level. The concentration of sulfonamides required for 
inhibition of cytochrome reductase is considerably higher than that required 
for Zwischenferment. 

Effect of Sulfonamides on Triphosphopyridine Nucleotide and Glucose- 
6-phosphate Dehydrogenase—The oxidation of glucose-6-phosphate to 
phosphohexoniec acid (34) is catalyzed by an enzyme whose protein moiety, 
Zwischenferment, and whose prosthetic group, triphosphopyridine nucleo- 
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tide, form a dissociable complex (35). The effect of sulfonamides on this 
enzyme was subsequently investigated by separate incubation of the 
specific protein and the prosthetic group with sulfonamides at varying 
concentration and temperature. 

Effect of Sulfonamides on Triphosphopyridine Nucleotide—1.1 X 10 m 
triphosphopyridine nucleotide was incubated at 25° with 0.7 x 10° and 
1.4 X 10° m sulfanilamide in the presence of 0.02 m phosphate buffer, 
pH 8.3, and diluted 100 times after 30 minutes. Triphosphopyridine 
nucleotide activity was determined according to the micromethod of Haas 
et al. (36) by which the rate of reduction of cytochrome c is measured as a 


TaBe I 
Effect of Sulfanilamide on Cytochrome c Reductase Activity 
Wave-length, 550 my; length of absorption cell, 1.0 em.; temperature, 25°; gas 
phase, air. 3.00 cc. of 0.03 m phosphate buffer, pH 7.5, + 0.03 mg. of triphospho- 
pyridine nucleotide + 2.8 mg. of glucose-6-phosphate + 0.13 mg. of Zwischenferment 
+4.8 mg. of cytochrome c. 





| Experiment I | Experiment II| Experiment III | Experiment IV Experiment V 


| 
0.17 X 10° | 1.53 X 10%, 4.6 X 10° 





Sulfanilamide con- 
centration, 

Cytochrome c reduc- | 4.4 X 10 8.8 X 107° 
tase concentra- | 


88x 107° | 88 xX 10° 


8.8 x 10-9 | 
| | 


| 
| 
| 
| 
| 
| 














tion, 
Rate of reduction of cytochrome c 
>Katt+ | | | 
ate ,min.~| 0.032 | 0.063 | 0.063 ones | 0.042 


| 0 14 33.3 


Inhibition, % 





function of the triphosphopyridine nucleotide concentration. The results 
indicate that triphosphopyridine nucleotide is not affected by sulfanilamide. 

Inhibition of Zwischenferment by Sulfonamides—The determination of 
Zwischenferment activity by ultraviolet spectroscopy was not found to be 
feasible because of absorption of sulfonamides and protein-sulfonamide 
complexes in the ultraviolet region. For this reason the Zwischenferment 
activity was determined by measuring the rate of decolorization of 2,6- 
dichlorophenol indophenol under conditions in which this rate was pro- 
portional to the Zwischenferment concentration (28). 

It can be shown that Zwischenferment is strongly inhibited by sulfon- 
amides. 0.4 mg. of Zwischenferment was incubated for 30 minutes with 
the sulfanilamide in 1.5 ml. of 0.001 m pyrophosphate buffer, pH 7.9. 
The enzyme solution was then diluted to 3.00 ml. and its activity tested. 
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Incubation beyond 30 minutes did not result in increased inhibition. The 
behavior of Zwischenferment toward sulfonamides at varying temperatures 
and concentrations indicates that the drug forms a dissociable complex 
with this protein (Fig. 1). The experimental evidence supporting this 
view is twofold. First, incubating at lower temperature resulted in less 
inhibition, because at the lower temperature the concentration of free 
protein is diminished. Secondly, the degree of inhibition depends upon 
the drug concentration because the ratio of sulfonamide to prosthetic 
group determines whether the enzyme protein participates in the formation 
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Fic. 1. Inhibition of Zwischenferment by sulfanilamide and effect of temperature 
on this inhibition. Wave-length, 600 my; length of absorption cell, 1.0 cm.; gas phase, 
air; 3.0 ec. of 0.005 m pyrophosphate buffer, pH 8.1, + 0.01 mg. of triphosphopyridine 
nucleotide + 0.30 mg. of hexose monophosphate + 4.0 mg. of Zwischenferment + 
0.055 mg. of 2,6-dichlorophenol indophenol. 








of the catalytically inactive drug-protein complex or whether the active 
prosthetic group-protein complex is formed. 

Experimentation at 38° was not possible because of the lability of 
Zwischenferment; the inhibition of Zwischenferment activity has been 
calculated by extrapolation to be approximately 50 per cent for a con- 
centration of 1 X 10° m sulfanilamide. 

It may be mentioned that the inhibitory effect of sulfonamides is con- 
siderably influenced by the medium during incubation; at constant sulfanil- 
amide concentration and constant pH, the inhibition in pyrophosphate 
buffer was 4 times as great as in ammonium chloride-ammonium hydroxide 
buffer and 1.5 times as great as in phosphate buffer. 

A practical application of these studies of drug action in vitro may be 
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found in the search for better chemotherapeutic agents whose effectiveness 
might be tested on such a system as is here employed. This point is 
demonstrated by comparing the inhibitory effect of a number of currently 
used sulfonamides. When compared on a molar basis, sulfanilamide was 
found to be the most effective sulfonamide in the inactivation of the protein 
component of glucose-6-phosphate dehydrogenase (Table II). 

Antagonism between Triphosphopyridine Nucleotide and Sulfonamides— 
Since the formation of either the active protein-prosthetic group complex 
or the inactive drug-protein complex depends upon the relative proportion 
of drug and prosthetic group present, the effect of sulfonamides on Zwischen- 
ferment was considered to be competitive in nature. The results presented 


TaBLeE II 
Effect of Various Sulfonamides on Zwischenferment 
Drug concentration, 0.006 m. 











Inhibition 
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in Fig. 2 indicate that inhibition of Zwischenferment by sulfanilamide can 
be prevented by simultaneous addition of prosthetic group. This can be 
demonstrated by incubating Zwischenferment with sulfanilamide and 
increasing amounts of triphosphopyridine nucleotide. 

Thus incubation of Zwischenferment with 1 X 10~ a triphosphopyridine 
nucleotide affords almost complete protection of the enzyme protein against 
the effect of 6 X 10°* Msulfanilamide. The affinity of the enzyme protein 
for the prosthetic group is, therefore, about 50 times greater than its 
affinity for sulfanilamide. It may be assumed that other drugs which 
resemble triphosphopyridine more closely than sulfanilamide may displace 
triphosphopyridine nucleotide at even smaller concentrations. 

Since the sulfonamide-protein complex is catalytically inactive as 
glucose-6-phosphate dehydrogenase, the respiratory pathway is blocked 
at this point as a result of the irreversible reaction of sulfanilamide with 
protein. As an illustration of the irreversibility of the drug-Zwischen- 
ferment reaction, it may be noted that the addition of triphosphopyridine 
nucleotide will not restore the activity of the enzyme once inactivation has 
taken place. As an indication of the specificity of triphosphopyridine 
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nucleotide, it may be stated that p-aminobenzoic acid, as well as split- 
products of triphosphopyridine nucleotide such as nicotinamide, adenylic 
acid, and adenosine triphosphate, is ineffective as a protective agent for 
the protein moiety of the enzyme. 

The mechanism of action of sulfanilamide on respiration may thus be 
conceived of as a displacement of the coenzyme triphosphopyridine nucleo- 
tide by the sulfonamide resulting in an inactive drug-Zwischenferment 
complex. The formation of such a complex is prevented if a sufficient 
amount of specific prosthetic group is present while the protein is exposed 
to the action of the drug. 
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Fig. 2. Protection of Zwischenferment by triphosphopyridine nucleotide. Incuba- 
tion of Zwischenferment with sulfanilamide and testing of Zwischenferment activity 
as described in Fig. 1, but various concentrations of triphosphopyridine nucleotide 
were added during incubation. Sulfanilamide concentration during incubation, 
6.0 X 10°? a. 


Protection of the Enzyme by Its Substrate—Competition of sulfanilamide 
and triphosphopyridine nucleotide for the enzyme protein has been demon- 
strated and the mechanism of the inhibitory action of the drug was inter- 
preted as a displacement of the triphosphopyridine nucleotide oy the 
chemotherapeutic agent. A second mechanism for sulfonamide action is 
found in the displacement of the substrate, glucose-6-phosphate, from the 
enzyme protein by the drug. Triphosphopyridine nucleotide is 200 times 
as effective as glucose-6-phosphate in protecting Zwischenferment, which 
is probably due to the greater stability of the triphosphopyridine nucleotide- 
Zwischenferment complex (K = 10-° m) compared with the glucose-6- 
phosphate-protein complex (K = 10-* m) (28). 
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In the experiments presented in Fig. 3, 2 mg. of Zwischenferment were 
incubated with 5.5 X 10-* mM sulfanilamide and various amounts of glucose- 
6-phosphate. After 30 minutes incubation, the activity of the enzyme 
protein was tested as before. Antagonism between sulfonamides and 
metabolic substrates has been suggested on the basis of experiments with 
living cells (37, 38, 22), but this effect can be demonstrated more clearly 
with isolated enzyme systems. 

Effect of Sulfanilamide on Lactic Dehydrogenase—On the basis of the 
experiments described in the preceding paragraphs, it seemed of interest 
to extend this investigation to other enzymes which require pyridine 
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Fic. 3. Protection of Zwischenferment by glucose-6-phosphate. Incubation of 
Zwischenferment with sulfanilamide and testing of Zwischenferment activity as de- 
scribed in Fig. 1,except that glucose-6-phosphate in various concentrations was added 
during incubation. Sulfanilamide concentration during incubation, 6.0 X 107? m. 


nucleotides as the prosthetic group. In order to test this point, lactic 
dehydrogenase was chosen, an enzyme containing diphosphopyridine 
nucleotide as the active group. 

The enzyme was prepared according to Straub (39) and tested by a 
method recently published by Speck and Evans (40), in which 2 ,6-dichloro- 
phenol indophenol is used to measure the rate of reduction of diphos- 
phopyridine nucleotide. The results are presented in Table III. 

Upon incubation of the protein moiety of lactic dehydrogenase with 
varying amounts of sulfanilamide for 30 minutes, a maximum inhibition 
of 34 per cent could be obtained. This indicates that sulfanilamide is 
less effective in displacing diphosphopyridine nucleotide, and that the 
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affinity of the drug for Zwischenferment is much greater than that for 
the protein moiety of lactic dehydrogenase. 

Isolation of Zwischenferment and Triphosphopyridine Nucleotide from 
Escherichia coli—Assuming that one of the mechanisms by which sulfon- 
amides interfere with bacterial respiration is the displacement of triphos- 
phopyridine nucleotide from Zwischenferment, it remains to be shown that 
Zwischenferment and triphosphopyridine nucleotide are present in bacteria, 
The experiments of Barron and Friedemann (41) on the oxidation of 
hexose monophosphates suggest the presence of Zwischenferment in certain 
bacteria, but the enzyme has so far not been demonstrated in a cell-free 
extract. 


TasLe III 
Determination of Lactic Dehydrogenase and Effect of Sulfanilamide 
Wave-length, 600 my; length of absorption cell, 1.0 cm.; temperature, 25°. 3.0 ce. 
of 0.02 m phosphate buffer, pH 7.2, + 0.15 mg. of diphosphopyridine nucleotide + 
20 mg. of lithium lactate + 6.5 mg. of potassium cyanide + 0.055 mg. of 2,6-dichloro- 
phenol indophenol. 





| 











| Experiment Experiment} Experiment | Experiment Experiment 
I II Ill | IV V 
Sulfanilamide concentra-| 10.15 X 107?| 3.1 xX 10°?; 5.8 X 10° 
tion, M 
Lactic dehydrogenase, cc.| 0.30 0.50 | 0.50 0.50 | 0.50 





Velocity of reaction (decolorization of 2,6-dichlorophenol indophenol; 
galvanometer deflection per 5 min.) 





g 
B 


| 67mm. | 104mm. | 94 mm. 78 mm. 








as 


Inhibition, % 9.5 | 25 





Escherichia coli was grown for 24 hours in batches of 10 liters in a medium 
containing glucose and Difco yeast extract. The bacteria were centrifuged 
down and used for isolation of the enzyme. 

Zwischenferment could be isolated in two ways. (1) A bacterial paste 
(10 gm.) was ground in a bacterial mill according to the arrangement of 
Kalnitsky and coworkers (42). The bacterial juice thus obtained was 
extracted with 20 ml. of 0.05 m phosphate buffer, pH 7.5, and dialyzed 
against running distilled water at 4° for 10 hours; after centrifuging 4 
cell-free extract was obtained. (2) A bacterial paste (approximately 
15 gm.) was allowed to autolyze for 4 days at room temperature in the 
absence of a preservative. To the partially liquefied material 15 ml. of 
distilled water were added and a clear, cell-free solution was obtained after 
centrifugation. 
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Zwischenferment isolated by these two methods can be purified further 
by precipitation from a CO;-saturated solution by the principle outlined 
by Warburg and Christian (43). Appreciable amounts of the enzyme 
protein could be obtained in this way and were determined by following 
the rate of reduction of triphosphopyridine nucleotide spectrophotomet- 
rically at 340 my according to the method described by Negelein and 
Haas (35). 

In this way a minimum value for the Zwischenferment content of bacteria 
can be found which, for Escherichia coli, is of the order of 5.5 X 10~° y per 


TaBLe IV 


Effect of Sulfonamides on Respiratory Enzyme Activity and on Oxygen Consumption 
of Microorganisms and Tissues 

















Temperature | Suieeiienié> | panes | Seen 
C. mu X 102 per cent 

Cytochrome oxidase 25 | 1.3 0 

c 3 | 32! 30 

as ** reductase 25 4.15 30 
Triphosphopyridine nucleotide 25 1.4 0 
Zwischenferment 25 0.07 30 

| (87)* (0.014)* | — (30)* 

Escherichia coli |. aa tae 30 (46) 
Staphylococcus albus 37 | 1.0 | @ (47) 


Dysentery bacillus ‘ 0.12 80-95 | (22) 


w 
ba | 


Plasmodium knowlesi 37 3.4 53 (25) 
Fertilized sea urchin egg 25 | 4.0 | 45 (7) 
Unfertilized sea urchin egg 25 | 4.0 | 10 (7) 
Frog skin | 24 0.5 | (48) 
Liver (slices) 37 | 2.6 19 (49) 








* The figures in parentheses are extrapolated from experimental data obtained at 
different temperatures. 


mg. of wet weight of bacteria, as based on the purest preparation of Negelein 
and Gerischer (44). 

The ability of the enzyme protein isolated by the two procedures to 
function in the specific glucose-6-dehydrogenase system establishes the 
presence of Zwischenferment in Escherichia coli. 

The presence of triphosphopyridine nucleotide has been demonstrated 
in bacteria by direct isolation from cell-free extracts prepared by one of 
the two methods described above. The extract was deproteinized with 
trichloroacetic acid and the mercury salt of triphosphopyridine was precipi- 
tated after neutralization with NaOH. After decomposition of the mercury 
salt with H.S and treatment of the solution with barium acetate and cold 
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saturated barium hydroxide, triphosphopyridine nucleotide was precipj- 


tated with alcohol. The final product was tested in the specific test in 
system described by Haas et al. (36) and could be substituted for triphos- F 
phopyridine nucleotide prepared from pig liver. The amount of triphos- ps 
phopyridine nucleotide present in Escherichia coli is of the order of 3 x fo 
10-* y per mg. of wet weight of bacteria, which agrees quite well with al 
the values given for yeast (5 to 10 X 10~* y per mg. of fresh material) (45). P} 


The existence of the glucose-6-phosphate dehydrogenase thus is estab- 
lished in Escherichia coli. It is presumably also present in a number of 


bacteria, particularly when the findings here reported are correlated with 1 
the work of Barron and Friedemann (41). It lends further weight to the 2 
feasibility of the proposed mechanism for inhibition of bacterial respiration 3 
by sulfonamides. 4 

Table IV summarizes the effect of sulfonamides on isolated respiratory 5. 


enzymes, bacteria, tissues, eggs, and parasites. Glucose-6-phosphate 





dehydrogenase is the respiratory enzyme we have found to be strongly 6. 
inhibited by sulfonamides, and, therefore, attention is focused upon this t. 
enzyme as the possible point of interference by sulfanilamide. Since 8. 
certain bacteria are known to utilize glucose-6-phosphate and have been 9. 
found to contain Zwischenferment, it is concluded that respiration of the 10. 
organism is inhibited by displacing triphosphopyridine nucleotide from ll. 
Zwischenferment, thus interrupting the transfer of electrons from glucose- -. 
6-phosphate to cytochrome c. ; 
l4. 
SUMMARY 15. 

1. The effect of various sulfonamide drugs on isolated respiratory 
enzymes and coenzymes has been investigated. The activity of Zwischen- “4 
ferment is greatly inhibited by sulfonamides. The effect of these drugs 18. 
on cytochrome c, cytochrome c reductase, and lactic dehydrogenase is 19. 
much smaller, whereas triphosphopyridine nucleotide and cytochrome 2. 
oxidase are not affected at all. 21. 
2. Addition of prosthetic group to the protein moiety of the dehydro- =. 
genase has been shown to protect the protein from the effect of sulfon- 3. 
amides, but did not reverse the sulfonamide effect. Therefore, sulfon- 24, 
amides react irreversibly with Zwischenferment and compete with the 3. 
prosthetic group for the protein moiety of the enzyme. z 
3. The enzyme protein combines more readily with its prosthetic group 2 
than with the sulfonamide: triphosphopyridine nucleotide will counteract 29. 
sulfanilamide in 50 times higher concentrations. 30. 
4. Antagonism between drug and substrate likewise has been demon- 31. 
strated, since inhibition due to sulfonamides can be prevented by addition 2 
of glucose-6-phosphate. ‘ 
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Simplification of the media for the microbiological determination of 
amino acids can be accomplished in some instances by replacing most of the 
amino acids with natural products. This can be done when means are 
available for preferentially destroying or removing one or more of the 
amino acids in the natural material. Thus, a medium containing acid- 
hydrolyzed casein has been used by Greene and Black (1) for the deter- 
mination of tryptophane and the medium used by Lewis and Olcott (2) 
for the determination of glutamic acid contained a casein hydrolysate from 
which the glutamic acid had been removed by autoclaving at pH 2.9 and 
extracting with ethyl] acetate. 

The preferential oxidation of methionine with hydrogen peroxide was 
studied by Toennies and Callan (3). A method for removing not only 
methionine but also cystine, tryptophane, and tyrosine from peptone 
preparations by the use of hydrogen peroxide has been described by Lyman 
etal. (4). It was shown that this type of preparation was satisfactory for 
use in media for microbiological tests. 

The present communication describes a method for the determination 
of methionine with Leuconostoc mesenteroides as the test organism and a 
medium in which most of the amino acid nitrogen is supplied by hydrogen 
peroxide-treated peptone. 

One of the most useful methods for testing the reliability of assay values 
obtained by microbiological methods is to carry out the tests with more 
than one organism and, when practical, with more than dne assay medium. 
In this investigation Streptococcus faecalis R was used as a second organ- 
ism. Although hydrogen peroxide-treated peptone can be used in media 
for use with Streptococcus faecalis R, pure amino acids were used instead 
in order that the medium as well as the organism should be different in the 
comparative tests. 

Inasmuch as the methionine values obtained by Stokes (5) and co- 
workers with Streptococcus faecalis R are somewhat lower than most of the 
values obtained by chemical methods, it seemed desirable to determine 
methionine on the same hydrolysates with a chemical method as well as 
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with the two microbiological methods. The colorimetric method of Me. 
Carthy and Sullivan (6), as modified by Csonka and Denton (7), was 
chosen for this purpose. 


EXPERIMENTAL 
Determination of Methionine with Leuconostoc Mesenteroides 


Organism—Leuconostoc mesenteroides P-60 was maintained by weekly 
transfers as stabs in solid medium containing the following ingredients: 
peptonized milk 1 per cent, tryptone 1 per cent, filtered tomato juice 200 ml, 
per liter of medium, agar 1 per cent. Washed cells from 18 hour cultures 
grown on a liquid medium of the same composition as above, except for the 
omission of the agar, were used to inoculate the tests. 


TABLE I 


Medium* for Determination of Methionine with Leuconostoc mesenteroides 








H,0,-treated peptone.......... 15 gm. NR sa rah pain coal ¥s, x ee 2 mg. 
EE en 40 “ | Pyridoxine....... benack ene 
Sodium acetate................ 24 “ | Calcium pantothenate.......... 4 “ 
PEE GUE cesscccnss EE ™ Pf ROR cc enecccccscensseuce Mee 
l(—)-Tryptophane............. 100 mg. | Nicotinic acid........ a 
PING CU. co ckncwckassiecad ar Re eer eee TT 10 ¥ 
i(—)-Cystine................... DMO “ Folic acid (synthetic)........... 3.5 
Adenine sulfate................ 20 “ p-Aminobenzoic acid............ 0.2“ 
Tn Salt Solution If................ 10 ml. 
ET ee arc on as cma ecaain care? a 1s ” PR ance yinbdnwasaee 
“ - eee 


| Neutralize and dilute to 1 liter 





* Medium for 200 cultures of 10 ml. final volume (5 ml. of the above medium per 


culture). 
t Salt Solution 1, K,HPO, 25 gm., KH.PO, 25 gm., water 250 ml. 
t Salt Solution 2, MgSO,-7H.O 10.0 gm., NaCl 0.5 gm., MnS0O,-4H,0 0.5 gm., 


water 250 ml. 
§ Salt Solution 3, FeSO,-7H,O 0.5 gm., water 250 ml. 


Medium—The composition of the medium used for the determination 
of methionine with Leuconostoc mesenteroides is given in Table I. The 
glucose, ammonium chloride, and sodium acetate are added as solids and 
the rest of the ingredients from stock solutions preserved with a little tolu- 
ene and stored in the refrigerator. 

The stock solution of hydrogen peroxide-treated peptone is prepared as 
follows: 50 gm. of Bacto-peptone are dissolved in 250 ml. of water and 
250 ml. of 2 Nn HCl are added after the peptone is completely dissolved. 
0.025 mole of hydrogen peroxide (2.8 gm. of 30 per cent HzO:) is added 
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and the solution allowed to stand overnight at room temperature. The 
material is then steamed for 30 minutes at atmospheric pressure, stirred 
while hot, cooled, neutralized with sodium hydroxide, and steamed again, 
this time for 1 hour. The purpose of the second steaming is to decompose 
any hydrogen peroxide which is not used up by the oxidative reactions. 
The preparation is ready for use after diluting to a final volume of 1 liter. 
A reagent grade of hydrogen peroxide which does not contain any preserva- 
tive should be used. 
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Fic. 1. Typical standard curve for the determination of methionine with Leu- 
conostoc mesenteroides. Titration values are for 5 ml. aliquots from 10 ml. cultures. 


In the preliminary phases of this investigation more hydrogen peroxide 
was used than is recommended here. An improvement in the medium 
was obtained when the treatment of the peptone was carried out as indi- 
cated above. 

Assay Procedure—Titration of the acid produced after 4 days incubation 
Was used as a measure of the growth of the organisms. The general pro- 
cedure for carrying out the assays was the same as previously used for 
amino acid assays with Lactobacillus arabinosus (8), with the following 
exceptions: A constant temperature water bath at 35° was used instead of 
anincubator. The period of incubation was 4 days instead of 3 days. 

Standard Curve—A typical standard curve is shown in Fig. 1. The slight 
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dip in the curve is not a matter of chance but always occurred with this 


medium. 


Determination of Methionine with Streptococcus faecalis R 
Medium—The composition of the medium used for the determination of 


methionine with Streptococcus faecalis R is given in Table II. 


In this 


medium a buffer consisting of a mixture of sodium succinate and sodium 


acetate is used instead of sodium acetate alone. 
not very well adapted to growth in acid solution. 


TaBLe II 
Medium* for Determination of Methionine with Streptococcus faecalis R 


Streptococcus faecalis ig 
Both sodium succinate 





Glucose.... ; 40 gm. 
Succiniec acid Va. 
Sodium acetate (anhydrous). es 
Adenine sulfate 10 mg. | 
Guanine a | | 
Uracil Ws 
Xanthine ys F | 
Riboflavin Pe I 
Niacin ae 
Pyridoxamine 0.8 | 
Thiamine chloride 046 | 
Calcium pantothenate. . 0.4 “ 
Biotin 27 
p-Aminobenzoic acid _" 
Folie acid (synthetic) ;  * 
Salt Solution 1 100ml. | 
o a .. 0 
“ a kee S. aae 


dl-Alanine....... 
1(+)-Arginine. 
dl-Aspartic acid... 
l(—)-Cystine 


dl-Glutamic acid......... 


Glycine 
l(—)-Histidine 
dl-Isoleucine 
dl-Leucine 
l(+)-Lysine 
dl-Phenylalanine. . 
l(—)-Proline 
dl-Serine . 
dl-Threonine 
l(—)-Tryptophane. 
dl-Tyrosine 
dl-Valine. . 


. 400 mg. 


aan ... 400 
Si taeoularacihalaed 800 
400 
800 
400 
400 
400 
. 400 
400 
400 


“ 





to 1 liter. 


Add 12 gm. of NaOH pellets and finish neutralizing with NaOH solution. Dilute 


* Medium for 200 cultures of 10 ml. final volume (5 ml. of the above medium per 


culture). 


and sodium citrate exert a strong buffering action at a pH range closer to 
neutrality than the effective range of an acetate buffer. 


The result of using 


either of these substances as buffers in media for Streptococcus faecalis R 
is to increase markedly the amount of acid formed by the organism. 50- 
dium succinate has the advantage of producing less caramelization upon 
sterilization of the medium. 

Assay Procedure—With a few exceptions, the method of handling the 
organism and of conducting the tests with Streptococcus faecalis R was the 
same as for Leuconostoc mesenteroides. The period of autoclaving the tubes 
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for sterilization was reduced to 10 minutes. The incubation time was 


3 days. 
Standard Curve—A typical standard curve is given in Fig. 2. 


Determination of Methionine by Colorimetric Method 


The method used was that of McCarthy and Sullivan (6), as modified 
by Csonka and Denton (7). The phospho-24-tungstic acid used for the 
precipitation of the basic amino acids was prepared according to the 
method of Wu (9). 
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Fic. 2. Typical standard curve for the determination of methionine with Strepto- 
coccus faecalis R. Titration values are for 5 ml. aliquots from 10 ml. cultures. 


Hydrolysis of Proteins and Foodstuffs 


Except when otherwise stated, the proteins and foodstuffs were hydro- 
lyzed by refluxing 0.5 to 2.0 gm. samples with 100 ml. of 6 n HCl for 24 
hours. Most of the hydrochloric acid was removed by distillation at 
reduced pressure on the water bath. The hydrolysates were then neu- 
tralized and diluted to 100 ml. in a volumetric flask. If a precipitant was 
present, it was removed by filtration after diluting to volume. 


Preparation of Egg Albumin 


Egg albumin was prepared from fresh eggs. A crystalline product was 
obtained by the method of Kekwick and Cannan (10). The material was 
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then coagulated in hot water as described by Chibnall, Rees, and Wij. 
liams (11). 


RESULTS AND DISCUSSION 


Before the hydrogen peroxide-treated peptone was adapted for use in the 
Leuconostoc methionine medium, various modifications of a medium con- 
taining pure amino acids were tried in an attempt to improve the regularity 
of the standard curves and the reproducibility of the assay values. No 
modification of the pure amino acid medium was found which gave as con- 
sistently satisfactory results as the treated peptone medium. 

Specificity tests with Leuconostoc mesenteroides and Streptococcus faecalis 
R showed that neither organism can use the non-natural or d form of 
methionine and that pure di-methionine is a satisfactory standard since 
it is exactly one-half as active as /(—)-methionine. Homocystine and 
homocysteine were inactive for both organisms. 

A study was made of the conditions necessary for the complete liberation 
of methionine from proteins by acid hydrolysis. The following three 
hydrolysis procedures gave methionine values which were in excellent 
agreement: (1) refluxing for 24 hours with 6 n hydrochloric acid; (2) re- 
fluxing for 24 hours with 6 n sulfuric acid; and (3) autoclaving at 15 pounds 
pressure for 6 to 8 hours with 3 n hydrochloric acid. Although autoclaving 
with 1 n hydrochloric acid has been successfully used for the liberation of 
certain other amino acids, this procedure proved to be unsatisfactory for 
methionine. Autoclaving for 8 hours or even longer with 1 n hydrochloric 
acid always gave low results. 

Recovery tests with both assay organisms were carried out on a variety 
of different materials. In some of these tests the methionine was added 
to the materials before hydrolysis and in other tests the methionine was 
added to the neutralized hydrolysates. Satisfactory recoveries ranging 
from 97 to 102 per cent were obtained with both types of tests. Agreement 
between the values obtained at different test levels was a little more satis- 
factory with Leuconostoc mesenteroides than with Streptococcus faecalis R. 

As a preliminary experiment in the comparison of the three methods for 
determining methionine, two mixtures of pure amino acids were analyzed 
for their methionine content. With regard to the colorimetric method, 
evidence was desired concerning the following points: It is known that 
phosphotungstic acid precipitates carry down with them some of the mono- 
amino acids. Does the use of phosphotungstic acid for the removal of the 
basic amino acids, as recommended by Csonka and Denton, result in an 
appreciable loss of methionine? The second question is, does the glycine 
content of proteins and foodstuffs seriously interfere with the accuracy of 
this method? 
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Amino acid Test Mixture 1 (Table III) was patterned in a general way 
after the amino acid composition of casein. Since tryptophane is destroyed 
during acid hydrolysis, it was omitted. Amino acid Test Mixture 2 was 
the same as Test Mixture 1, except that the glycine was increased from 5 to 
100 mg. The ratio by weight of the methionine content to the glycine 
content in Test Mixture 2 was therefore 1:4. 























TaB_e III 
Amino Acid Test Mizture 1 
mg. mg. 
Alanine 55 | Leucine . 90 
Arginine 40 | Lysine . 70 
Aspartic acid : 60 | Methionine. . a 
PE a 4 | Phenylalanine BO 
Glutamic acid Pee 80 
Glycine iat 5 | Serine... ai 60 
Histidine REDE REN eoe 25 | Threonine...... 40 
Hydroxyproline........ 20 | Tyrosine........ . 60 
Isoleucine ; rer 60 | Valine.... 60 
TABLE IV 
Methionine Analyses of Amino Acid Test Mixtures 
| Test Mixture 1 Test Mixture 2 
Analytical method = aoa a 
|  —~ R ry ~~ Recovery 
me. per cent me. per cent 
Chemical, McCarthy and Sullivan, 
modified by Csonka and Denton a a 101.2 24.3 | 97.2 
Microbiological, Leuconostoc mesenter- | 
vides | 24.8 99.2 25.0 | 100.0 
Microbiological, Streptococcus faecalis R.| 24.6 98.4 25.2 | 100.8 











The results of the analyses given in Table IV indicate that the use of 
phosphotungstic acid for the removal of the basic amino acids does not 
result in a significant loss of methionine and that for the purpose of evalu- 
ating foodstuffs a glycine content of 4 times that of methionine does not 
seriously interfere with the usefulness of the method. The figures given 
in Table IV are averages of values obtained at five different test levels. 

Values for the methionine content of a few natural products as deter- 
mined by the three different procedures are given in Table V. Possible 
sources of errors would be expected to be quite different in the chemical 
and microbiological methods. Substantial agreement between the values 
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obtained bythe three methods was therefore considered as evidence in fayor 
of the reliability of the methionine analyses. 

In determining the methionine content of foodstuffs containing relatively 
large amounts of carbohydrates, one of the important problems is to make 
certain that the hydrolysis of the material is accomplished without undue 
loss of methionine as a result of humin formation or other causes. In this 
investigation an attempt was made to evaluate the effect of humin forma- 
tion on the loss of methionine by hydrolyzing casein in the presence of 
various carbohydrates. The casein carbohydrate mixtures were refluxed 


TABLE V 


Comparison of Three Methods for Determining Methionine Effect of Presence of Carbo- 
hydrates during Hydrolysis of Protein 





Methionine found in protein 





Distestel enalyand Microbiological method with | 





| 
| 
| 
| 
! 








Chemical 
Leuconostoc Streptococcus | method 
| mesenteroides faecalis R | 
per cent per cent per cent 
NTS. toda ECR TERA ccaee eewanbwess 2.52 2.52 2.45 
i ae Re ce Pa 2.34 2.24 2.27 
Caseinf.. atl 2.72 2.58 2.57 
hydrolysed in presence of equal 
weight of sucrose....... | 2.42 2.42 | 2.41 
Casein hydrolyzed in presence ~ ‘equal | 
weight of arabinose............ Aad 2.49 2.55 2.46 
Casein hydrolyzed in presence of equal | 
SP eee eee 2.45 2.46 2.42 





* Protein content calculated as nitrogen content X 6.25. 
+ Difco isoelectric casein; values not corrected for moisture and ash. 


for 24 hours with 6 N hydrochloric acid. Methionine was then determined 
in the hydrolysates by three different methods. 

The data given in Table V show that a small but measurable loss of 
methionine did take place. These data suggest that the loss of methionine, 
which takes place when such products as wheat and corn are hydrolyzed 
with strong mineral acids, is probably not large enough seriously to interfere 
with the usefulness of the methionine values. 

Further work is needed to find a method of eliminating this loss. Hydrol- 
ysis with hydriodic acid reduces the amount of humin formation but is 
unsatisfactory when microbiological methods are to be used for the deter- 
mination of methionine because methionine is demethylated by hydriodic 
acid. It is known that basic hydrolysis results in the destruction of 
methionine. 
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Table VI gives the methionine content of some proteins as determined 
by the use of Leuconostoc mesenteroides and Streptococcus faecalis R. The 
yalues obtained by the two organisms are in substantial agreement, al- 
though most of the values obtained with Leuconostoc are a few per cent 
higher than the values obtained with the other organism. Because of 
better agreement at different test levels, the values obtained with Leu- 
conostoc were considered to be the more accurate. 

The ash content of the casein sample was high, but the nitrogen content 
indicates that the sample was probably reasonably free from other im- 
purities. The methionine value for casein obtained with Leuconostoc 


TaBLe VI 
Methionine Content of Some Proteins As Determined by Tuo Microbiological Methods 
Nitrogen and methionine values corrected for moisture and ash. 























Methionine content 

Protein analyzed content | comet, | 4 Test | | Test 

Leuconostoc | Streptococcus 

mesenteroides, faecalis R 

per cent per cent per cent per cent 
Crystalline egg albumin......... ~ 0.17 15.56 4.54 | 4.48 
Casein, Difco isoelectric. .. 4k 1.33 15.50 2.96 | 2.81 
Bovine plasma albumin*........ ' 0.53 16.14 0.81 | 0.77 
Blood fibrin, Wilson................... 1.08 16.06 2.18 | 2.14 
5 .'GS Gules winded veh sks 0.34 15.20 165 | 1.58 
RN Ra wth Lae 17.84 0.88 | 0.83 

Hemoglobinf...... » dtatwaskaunn s+] 2.28 15.651 1.51f 1.53f 





* Crystalline product obtained from the Armour Laboratories. 
+t Commercial products. 
t Corrected for moisture but not for ash. 


mesenteroides, when calculated to a moisture- and ash-free basis, becomes 
2.96 per cent. Recently, Dunn (12) and coworkers have described a micro- 
biological method for the determination of methionine in which Lactobacillus 


| fermenti is used as the test organism. The methionine content of casein 





reported by these workers was 3.03 per cent (corrected for moisture and 
ash). These values are in good agreement with the methionine content of 
casein as determined by a number of different chemical procedures (13-17). 
In general, the values obtained by the volatile iodide method (18) are 
somewhat higher. 

Using their modification of the colorimetric method, Csonka and Denton 
(7) obtained a value of 2.72 (corrected for moisture and ash) for the methi- 
onine content of casein. The value of 2.57 (uncorrected) obtained by the 
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present authors by this same method becomes 2.80 when corrected for 
moisture and ash. 

The methionine content of crystalline egg albumin as reported here ig jn 
good agreement with the values obtained by Lavine (17) by both the 
periodide titration method and the homocystine method. The figures 
previously reported by Kassell and Brand (14) are substantially higher, 
The literature values for the methionine value of crystalline egg albumin 
show considerably less agreement than is the case with casein. For ex- 
ample, Csonka and Denton (7) reported a value of 3.73 for the methionine 
content of their sample of egg albumin. 


TasLe VII 
Methionine Content of Some Foodstuffs 























Material analyzed Protein | Moisture in foods a 

per cent per cent per cent | per cent 

EES. er a ee ee 15.36 | 10.94 0.197 1.28 
Is. . SECUBUEN S bv sence a ee 8.03 12.74 0.167 2.08 
a 9.88 12.40 0.150 1.52 
ee See ; ..| 14.76 | 11.44 0.236 1.60 
Dried skim milk......... | 33.44 6.80 0.872 2.61 
SE Te Oe eee ee wee | 0.512 2.45 
EE REA ge 0.447 2.19 
Peanut meal... ee. a 38.69 | 7.25 0.297 0.77 
ERT or ETT ee 43.19 | 9.50 0.615 | 1.42 
Soy bean meal.... eae ers a 12.02 | 0.574 1.33 
pS ee ee ee 21.32 | 5.85 | 0.255 1.20 





The methionine values obtained in the present investigation by the use 
of Streptococcus faecalis R are significantly and consistently higher than 
those obtained by Stokes et al. (5) with the same organism but a different 
medium. 

The methionine content of some foodstuffs is given in Table VII. These 
data were obtained by the use of Leuconostoc mesenteroides. 


This investigation was supported in part by a grant from the American 
Meat Institute. 

The authors wish to express their appreciation to the Lederle Labora- 
tories, Inc., for the synthetic folic acid used in this investigation. 


SUMMARY 


A method for determining methionine in proteins and foodstuffs by the 
use of Leuconostoc mesenteroides is described. In this method a simplified 
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medium is used in which most of the amino acid nitrogen is supplied by 
hydrogen peroxide-treated peptone. 

Methionine was determined in a variety of natural products by the use 
of Streptococcus faecalis R as well as with Leuconostoc mesenteroides. The 
two microbiological methods were checked against each other and also 
against a colorimetric method for determining methionine. Substantially 
the same values were obtained with all three methods. 

Tests in which casein was hydrolyzed with acid in the presence of various 
carbohydrates showed that the presence of the carbohydrates during 
hydrolysis resulted in a small but measurable loss of methionine. 

The methionine content of some proteins and foodstuffs is given. 
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THE METHIONINE CONTENT OF MEAT 
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(From the Texas Agricultural Experiment Station, Agricultural and Mechanical 
College of Texas, College Station) 
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The purpose of this investigation was to obtain information on the methi- 
onine content of different kinds of meat, to determine the variability which 
occurs in different samples of the same kind of meat, and to compare the 
methionine content of corresponding organs and tissues from cattle, hogs, 
and sheep. 

Methionine was determined in the samples by the use of a microbiological 
_ method developed in the authors’ laboratory. In this method Leuconostoc 
mesenteroides is utilized as the test organism. Studies designed to test the 
reliability of the assay procedure have been described in a previous report 
(1). Substantially the same values were obtained for the methionine con- 
tent of a variety of different natural products by the use of two distinct 
microbiological methods, the method used in the present investigation 
and a method in which Streptococcus faecalis R is utilized as the test or- 
ganism. 

In order to obtain meat samples which could be preserved for later in- 
vestigations, the materials were dehydrated from the frozen state, ex- 
tracted with anhydrous ether, and stored in desiccators in the refrigerator. 
The equivalence of the dehydrated samples in terms of fresh meat was 
known from nitrogen determinations on the freshly ground moist samples 
and on the dehydrated preparations. Corrections were made to take into 
account the small amount of nitrogen which was extracted from certain 
_ kinds of meat by anhydrous ether. 

A simple but very effective apparatus for dehydrating small samples of 
biological materials from the frozen state is described in this report. 


EXPERIMENTAL 


Preparation of Samples—The different cuts of meat which consist pri- 
marily of muscle tissue were obtained at the College meat laboratory at the 
time the carcasses were cut up. This was usually after 4 to 7 days in cold 
storage. The various organs were obtained within 2 or 3 hours after the 
animals were killed. Some kinds of meat, such as liver, tend to lose mois- 
ture if kept in cold storage very long. The above precautions served to 
prevent variations in the samples due to this cause. Records of the animals 
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were kept so that it could be known with certainty that the different samples 
of the same kind of meat all came from different animals. 

In the preparation of the samples for analyses, obvious layers of fat and 
large pieces of gristle were discarded. The meats were ground first with g 
food chopper and then with a Latapie grinder. Care was taken so that 
none of the juice was squeezed out and lost. Samples were taken immedi- 
ately for nitrogen determinations and the balance of the material de. 
hydrated from the frozen state. The dried material which was porous and 
crisp was ground in a mortar and then extracted with anhydrous ethy! 









































Fic. 1. Apparatus for the dehydration of small samples of ground meat or other 
biological materials from the frozen state: 1, inverted Pyrex desiccator; 2, Petri 
dishes containing samples; 3, cylinder of screen wire; 4, drierite or other granular 
desiccant; 5, cylinder of light weight sheet iron; 6, small cylinder containing cotton, 
covered with screen wire; 7, standard taper Pyrex joint, No. 34/45; 8, vacuum pump. 


ether. Samples which did not powder well on the first grinding were re- 
ground after the ether extraction. Nitrogen determinations were made 
on the dried powder and on the extracted fat. In a few cases the nitrogen 
in the fat amounted to as much as 1 per cent of the total nitrogen. When 
this was the case, the nitrogen content of the extracted fat was taken into 
consideration in calculating the equivalence of the dried samples in terms 
of fresh meat. 

The equipment used for the dehydration of the samples is shown in Fig. |. 
This apparatus can be readily assembled from parts which are usually on 
hand in a biochemical research laboratory. The light metal cylinders, 
Nos. 5 and 6 on Fig. 1, are fastened to the desiccator top with adhesive tape. 
The desiccator bottom, which serves as a cover for the apparatus, can be 
easily removed for introducing or removing the samples. Because of the 
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short vapor path, a good vacuum is maintained in the apparatus. The 
evaporation is rapid enough so that samples introduced at room tem- 
ture become frozen in 5 to 10 minutes. They stay frozen until prac- 
tically all of the moisture is gone. 
Hydrolysis of the samples in preparation for the methionine determina- 
tions was carried out by refluxing 0.5 gm. samples with 100 ml. of 6 N 
hydrochloric acid for 24 hours. Most of the hydrochloric acid was distilled 


TaBLeE I 
Methionine Content of Meats 





























Methionine in fresh tissue 

Methi- 
Tissue Sample 1 Sample 2 Sample 3 | Average | protein,® 

— methi- | average 

Pro- | Methi-| Pro- | Methi-| Pro- | Methi-/| onine values 

tein | onine tein | onine | tein | onine | content 

per cent| per cent| per cent| per ceni| per cent| percent| per cent | per cent 

RT Si cad os vw bp ohles 20.20) 0.52 | 22.65) 0.55 | 22.10) 0.54 | 0.54 2.47 
Tore 18.85} 0.48 | 21.28) 0.52 | 21.32) 0.52 | 0.51 2.47 
“ round................| 22.05) 0.55 | 19.88] 0.50 0.52 2.50 
se tes a cn cde 20.14) 0.49 | 20.67] 0.51 | 20.78) 0.50 | 0.50 2.44 
Serer 18.85) 0.47 | 20.91) 0.51 | 20.12) 0.47 | 0.48 2.42 
| ee 17.94) 0.40 | 18.56} 0.41 | 18.69) 0.41 | 0.41 2.23 
os ccbadwoen 19.91} 0.41 | 20.44) 0.45 | 18.09) 0.40 | 0.42 2.18 
i a alas ki wii ea 22.25) 0.47 | 20.13) 0.39 | 21.00) 0.43 | 0.43 2.07 
SOUND. we ee ee 17.65) 0.40 | 16.15) 0.38 | 17.60) 0.38 | 0.39 2.26 
EE, . Seb ks om dant’ 16.31) 0.39 | 16.25) 0.38 | 15.18) 0.38 | 0.38 2.41 
0 re 17.35) 0.42 | 18.20} 0.42 | 17.28} 0.42 | 0.42 2.38 
Pork “ ...............| 17.59} 0.42 | 16.34] 0.38 | 16.88] 0.39 | 0.40 2.36 
ee 16.62) 0.36 | 16.41) 0.36 | 16.12) 0.35 | 0.36 2.19 
Beef kidney..............| 16.95) 0.36 | 18.22) 0.38 | 18.10) 0.37 | 0.37 2.09 
Pork 6 ueccccceeeeses} 15.72] 0.33 | 15.31] 0.32 | 15.56] 0.32 | 0.32 2.11 
lamb “..............| 15.94] 0.32 | 15.56] 0.30 | 15.54) 0.30 | 0.31 1.99 
cans dbo dees ts ext 10.75) 0.22 | 10.65) 0.21 | 10.55) 0.21 | 0.21 2.10 
me WEWENUS...........0.- 15.90} 0.22 | 16.40) 0.23 | 15.50) 0.22 | 0.22 1.40 
Se 18.30} 0.35 | 18.35) 0.36 | 18.60) 0.36 | 0.36 1.93 














* This is equivalent to calculating to 16 per cent nitrogen. 


of on the water bath at reduced pressure. Water was added and the 
slution neutralized with sodium hydroxide. If any precipitate was pres- 
ent, it was removed by filtration after diluting to a definite volume. Methi- 
tine was determined on aliquots by the method of Lyman et al. (1). 


RESULTS AND DISCUSSION 


Table I shows the protein and methionine content of the fresh meat 
amples and also the average methionine content of the meat proteins. 
In general, the variation in the methionine content of different samples 
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of the same kind of meat was quite small. Tender cuts of meat such as 
loin contained no more or no less methionine than such cuts as brisket. 
In fact, cuts of meat which consist mostly of muscle tissue all had very 
nearly the same methionine content, whether they were from beef, pork, 
or lamb. It should be kept in mind that in this investigation obvious 
layers of fat and gristle were removed during the preparation of the samples. 

The proteins of the various organs showed significant differences in their 
methionine content but the protein of the same organ from beef, pork, and 
lamb all had about the same methionine content. 

Only a very limited number of values for the methionine content of 
different kinds of meat are to be found in the literature. Beach, Munks, 
and Robinson (2) applied both their gravimetric method and the Me- 
Carthy-Sullivan (3) colorimetric method to the determination of methionine 
in animal tissue proteins. The values reported by Beach and coworkers (2) 
are somewhat higher than the values given in Table I of the present report. 

Recently, Csonka and Denton (4) have pointed out a source of error in 
the original colorimetric method and have proposed a modified procedure. 
Using the modified method, Lyman et al. (1) obtained values for the methio- 
nine content of beef liver and beef loin which are in substantial agreement 
with the values reported in the present communication. 


SUMMARY 

The methionine content of 56 samples of meat was determined by a 
microbiological assay procedure. The test organism was Leuconostoc 
mesenteroides. 

The samples of meat included beef loin, round, brisket, liver, heart, 
kidney, tongue, brain, thymus (sweetbreads), and spleen as well as pork 
loin, liver, heart, kidney, and tongue and lamb chops, liver, kidney, and 
heart. 

Variations in the methionine content of the same kind of meat, taken 
from different individual animals, were very small. Furthermore, the 
methionine content of a given type of tissue was very nearly the same, 
regardless of whether it came from beef, hog, or sheep. Some differences 
were found between the methionine content of the protein material of the 
different organs such as liver, heart, kidney, and brain. 


This investigation was supported by a grant from the American Meat 
Institute. 


BIBLIOGRAPHY 


1. Lyman, C. M., Moseley, O., Butler, B., Wood, S., and Hale, F., J. Biol. Chem., 
166, 161 (1946). 

2. Beach, E. F., Munks, B., and Robinson, A., J. Biol. Chem., 148, 431 (1943). 

3. McCarthy, T. E., and Sullivan, M. X., J. Biol. Chem., 141, 871 (1941). 

4. Csonka, F. A., and Denton, C. A., J. Biol. Chem., 163, 329 (1946). 











BESFFSRERZSSRESS BRTSER EES. 


=~ 


6, 


«J 


Ereg2zg2>5 





ya 


art, 
york 
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SMALL QUANTITIES OF BLOOD SERUM 
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AND JEANNE A. LOPEZ 


(From the Division of Nutrition and Physiology, The Public Health Research Institute 
of the City of New York, Inc., New York) 


(Received for publication, July 26, 1946) 


For purposes of nutritional surveys and experimental studies, it was 
found necessary to have a method for measuring vitamin A and carotene 
on 0.1 ml. or less of serum in order that finger blood might be utilized or 
that undue amounts of blood need not be withdrawn from small experi- 
mental animals. Existing methods require at least 1 ml. of serum (1-4) 
and therefore necessitate venipuncture, which is time-consuming and for 
which consent is often difficult to obtain from subjects, particularly chil- 
dren, of a nutritional survey. It was also felt necessary to establish a pro- 
cedure whereby large numbers of analyses could be performed without the 
expenditure of undue analytical time. 

The usual Carr-Price (5) (antimony trichloride) reaction for vitamin A 
presents great difficulties when attempts are made to adapt it to small scale 
work. The volatility of the solvents used, petroleum ether and chloroform, 


_ makes the necessary manipulations very difficult and even slight evapora- 


tion of the chloroform results in condensation of moisture, with resultant 
turbidity from the antimony trichloride reagent. Furthermore, the 
evanescent nature of the blue color obtained renders colorimetry very 
dificult on a small scale. Therefore, attention was directed to the measure- 
ment of vitamin A by its absorption in the ultraviolet (328 my) in spite 
of the fact that the color intensity is only about one-third as great as with 
the antimony trichloride reagent. The direct ultraviolet absorption of 
vitamin A has been greatly limited in analytical usefulness except for 
measurements of high potency oils, owing to its non-specificity, since other 
compounds likely to be present contribute to the absorption at 328 my 
(6,7). However, Little (8) has partially circumvented this difficulty by 
measuring the absorption before and after irradiation with ultraviolet light 
od wave-lengths 310 to 400 mu, which destroyed chiefly vitamin A in the 
als and tissues tested. Little’s paper (8) gives references to those who 
previously made use of this principle on a limited scale and in a variety of 
ways for the analysis of foodstuffs. Chevallier et al. (9) have used an 
imdiation method in measurement of vitamin A in larger volumes of serum. 
However, the possibilities of this technique have never been fully explored, 
marticularly in reference to blood analysis. 
177 
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By utilizing a destructive irradiation technique it has been possible to 
develop a satisfactory method for measuring vitamin A and carotene in 
60 c.mm. (0.06 ml.) of serum. Even smaller volumes of serum (35 ¢c.mm.) 
can be used, if greater attention is paid to technical details. With this 
procedure, one analyst can measure the vitamin A and carotene in at least 
50 sera in a working day. 

The proposed method depends on (1) saponification and extraction of the 
vitamin A and carotene from serum on a micro scale with solvents of low 
volatility; (2) measurement of the light absorption of the small volumes at 
328 and 460 my; (3) destruction of the vitamin A absorption at 328 mz 
without affecting the absorption of other compounds at this wave-length; 
and (4) remeasurement of the absorption at 328 mu. 

Reagents and A pparatus— 

1. 1 N KOH in 90 per cent ethyl alcohol (1 volume of 11 nN KOH plus 
10 volumes of absolute alcohol). The reagent should be prepared the day 
it is used. If color develops rapidly or if the reagent gives a blank, the 
alcohol should be refluxed with KOH and redistilled before use. 

2. Kerosene-xylene mixture (1:1). Xylene, c.p., and odorless (water- 
white) reagent kerosene (obtainable from Eimer and Amend, New York). 

3. Test-tubes 10 cm. X 3 mm.; 20 cm. lengths of tubing, 3.0 to 3.5 mm. 
internal diameter, are cleaned by boiling in half concentrated nitric acid, 
rinsed, dried, and divided in the middle with a hot, narrow, blast lamp 
flame to yield two tubes ready for use. Pyrex tubes have been used but 
presumably soft glass would be satisfactory and easier to seal in the flame.’ 

4. Soft glass tubes similar to those described above but only 4 cm. long 
and 2.5 to 3.0 mm. internal diameter. These are made and cleaned in the 
same fashion.! 

5. Lang-Levy constriction pipettes, 60 c.mm. (10, 11). It is desirable 
to have the upper constriction quite small to permit the pipetting of the 
organic solvents with low surface tension. If the tip is slender and the 
bend in the end very short, it will facilitate the measurement of samples 
into the long narrow tubes. 

6. General Electric B-H4 mercury discharge lamp with purple envelope 
and with its special transformer. 

7. Arrangement for irradiating samples in the soft glass tubes (Fig. 1). 
When the racks are in position around the lamp, the brightest part of the 
light source should be opposite the lower half of the tubes so that this por- 
tion of the tubes receives full illumination. The shadow of the electrode 
support must not fall on any tube. A moderate air current from a fan 
must be used to keep the tubes cool. 

1 It has been found easier to make new tubes than to clean old ones, since after one 
end is sealed, cleaning is somewhat laborious owing to the narrow bore. 
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dle to 8. A Beckman spectrophotometer fitted with a micro attachment and 
nein | 2mm. quartz cuvettes (12). (The micro attachment and cells are obtain- 
mm.) | able from the Pyrocell Manufacturing Company, 207 East 84th Street, 


. this New York 28.) 

least } 9, Racks about 5 X 5 X 2 inches to hold 100 long tubes. These may 
be made from wire screen (two pieces of 4 inch mesh and one piece of } inch 

if the mesh) or from sheet metal. 











f low 
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ngth; | 
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ork). 
mm. 
acid, 
amp 
but 
me!) 
long 
1 the 
‘able Fig. 1. Arrangement for ultraviolet irradiation. The mercury lamp (a) is held 
’ the vertically in a clamp, base up, with the other and extending 3 or 4 cm. into a hole 8 cm. 
the in diameter, b-b, in a large block of wood, c, which serves as a base. Semicircular 
| tacks (d, d’) are provided for holding the glass tubes in a circle equidistant from the 
ples lamp (6 cm. from the center of the lamp). These racks may be made from pieces of 
tinch plywood held about 2 cm. apart, with the upper piece drilled to hold the tubes. 
lope Twenty or thirty holes may be drilled in each rack along a semicircular line. 
. 1). 10. The head of an eightpenny nail is cut off, and the nail is slightly 
‘the flattened for a distance of 10 or 15 mm. and inserted in a small high speed 
por- hand drill (e.g., Handee grinder, Chicago Wheel Manufacturing Company, 
rode Chicago) with the end projecting about 20 mm. 
” Procedure 
_ Into the long slender tubes are put 60 c.mm. of serum and 60 c.mm. of 


) alcoholic KOH. If the solutions do not run to the bottom, they are sent 
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down by a whipping motion. Mixing is accomplished by touching the side 


of the tube near the bottom to the whirling nail in the motor drill whieh 
has been mounted in a clamp with the nail up. The tube is immersed 
(along with others in a rack) in a water bath at 60° for 20 minutes, cooled, 
and 60 c.mm. of the kerosene-xylene mixture are added. Extraction jg 
accomplished by holding the tubes at about a 45° angle against the whirling 
nail in such a manner that the contents are violently agitated for 10 or 15 
seconds. They are then centrifuged 10 minutes at 3000 r.p.m. The tubes 
should be at room temperature or a little below before they are centrifuged. 
Each tube is cut with a file just above the kerosene-xylene layer and this 
layer is pipetted into the special narrow Beckman cuvette (12); all the 
solution possible is used, but with great care to avoid any of the aqueous 
layer which would cause turbidity. The pipetting is best accomplished 
with a fine tipped constriction pipette of about 50 or 60 c.mm. volume. 
However, this pipette need not be calibrated. The constriction acts 
merely as a brake to prevent the sample from being accidentally drawn up 
too far in the pipette. 

Readings are made at 460 and 328 mu. The sample is then removed 
to a short soft glass tube (item (4) above) and irradiated along with the 
other samples with the B-H4 lamp. The lamp must have been turned on 
at least 10 minutes prior to the beginning of the irradiation. The necessary 
irradiation time (30 to 60 minutes) should be determined by trial with 
known vitamin A solutions. Irradiation is applied for 6 or 8 times as long 
as is found to be necessary to destroy 50 per cent of the vitamin A in pure 
solutions. After irradiation, a second reading at 328 mu is taken. In order 
to eliminate the danger of a turbidity of unestablished origin which some- 
times develops and which may be so slight as to be unnoticeable and yet 
serious enough to cause real error, the pipette used to transfer the sample 
back into the cuvette after the irradiation is rinsed before each sample 
with anhydrous propionic acid for one-third to one-half of its length below 
the constriction. This procedure neither adds significantly to the an- 
alytical time nor changes the volume enough to cause error. If necessary 
or desired, the propionic acid may be added prior to the first reading, since 
its incorporation does not affect the course of irradiation? 

Calculation—E yo X 480 = micrograms per cent of carotene. (Ess — E 
irradiated 328) X 637 = micrograms per cent of vitamin A. E = optical 
density with a cell having a 1 cm. light path = 2 minus log per cent trans- 


2 A substitute for propionic acid, which may possibly be more satisfactory, is & 
1:1 mixture of xylene and 2-methyl-2,4-pentanediol. The addition of a great excess 
of propionic acid may in some cases itself induce turbidity, whereas pentanediol ap- 
pears to be miscible with serum extracts in all proportions. The xylene is added to 
reduce viscosity. 
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mission with such a cell. Optical density is given directly on the Beckman 
spectrophotometer. If the volumes of serum and kerosene-xylene are not 
equal, these must be multiplied by (volume of kerosene) — (xylene)/(vol- 
ume of serum). 

The factor of 637 for vitamin A is based on an E}%, for vitamin A 
palmitate in alcohol of 1720 at 328 my, calculated as free alcohol (13). 
Since vitamin A ester has only 96 per cent as much absorption in kerosene- 
xylene and still has 3 per cent of its initial absorption after irradiation, 
and since furthermore the absorption is reduced 2 per cent owing to the 
necessity of using a wide spectral band (8 my), the net E\%, = 1720 x 
0.96 X 0.97 X 0.98 = 1570. 1,000,000/1570 = 637. The extinction co- 
efficient of the vitamin A ester was used rather than that of the free alcohol, 
since most of the vitamin A in serum is esterified and saponification is quite 
incomplete. The factor of 480 for carotene was obtained by measuring the 
absorption of 6-carotene (Smaco) in kerosene-xylene (E}2,, = 2080). 

If desired, the volume of serum and reagents may be increased or de- 
creased proportionately. The ratio of serum to alcohol must be kept con- 
stant, but the amount of kerosene-xylene may be varied independently. 


DISCUSSION 


Saponification and extraction are conveniently carried out in the long 
slender tubes which prevent undue evaporation during saponification and 
which give sufficient fluid depth to facilitate subsequent removal of the 
organic solvent layer. Saponification presents no problem and it scarcely 
prolongs the analytical time, since it is as easy to add alcoholic KOH as it is 
to add alcohol alone, which must be added in any event, and as many as 
100 samples may be saponified at once in a single water bath. The sapon- 
ification is not complete, glycerides are only partially hydrolyzed, and the 
same is probably true for vitamin A esters. However, the alkaline treat- 
ment accomplishes its purpose; viz., facilitation of vitamin A extraction 
and the removal of interfering materials. 

If a motor stirrer such as is described above is not available, mixing and 
extracting may be accomplished by adding a 1 cm. length of 0.041 inch 
diameter stainless steel wire (from the Newark Wire Cloth Company, 


| Newark, New Jersey) and shaking. Mild agitation suffices to mix the 
_ aleohol with the serum, and after adding the kerosene-xylene, the tubes 


are sealed at the upper end in a flame and shaken vigorously. Up to 50 
tubes may be shaken together by hand (200 or 300 tunes). For a large 
series of analyses this technique is as rapid as the one given above; however, 
it is necessary to take great care to prevent any serum from wetting the 


_ top of the tube, which wouid result in charring when the tubes are sealed 


off and thereby jeopardize the analysis. 
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A major problem was to find a solvent which would completely extract | 
vitamin A and carotene from serum and which would permit manipulation | 
of small volumes without undue evaporation. Petroleum ether was com. | 


pletely unsuited owing to its volatility; toluene was an improvement; 
xylene was still better; and kerosene showed practically no evaporation 
but failed to extract vitamin A or carotene quantitatively. A 1:1 mixture 
of kerosene and xylene was found to have such a low volatility that evapo- 
ration could be ignored, and recovery experiments from serum demonstrated 
the quantitative extraction of both pigments. 

Measurement of light absorption in small volumes with the Beckman 
spectrophotometer has been described (12). Since the samples are trans- 
ferred, after the first readings, from the absorption cuvettes to small tubes 
for irradiation and transferred back to the cuvettes for the second readings, 
there is danger that so much of the sample might be lost during the manipv- 
lations as to leave an insufficient volume for the second readings. Such loss 
can be prevented by using slender tipped transfer pipettes and making 
sure that no more than a trace of liquid is left in either cuvette, irradiation 
tube, or transfer pipette. 

Destruction of Vitamin A—When vitamin A or vitamin A ester in kero- 
sene-xylene is irradiated with ultraviolet light, absorption at 328 my m- 
pidly decreases, leaving a residual absorption of approximately 3 per cent. 
However, when an unsaponified serum extract is irradiated in a quartz or 
Pyrex tube with an unfiltered mercury vapor lamp, the absorption at 328 
muy falls and then rises higher than its initial value. Evidently while vita- 
min A is being destroyed, other substances are being converted into more 
highly absorptive materials. This phenomenon was delayed but not com- 
pletely prevented by restricting the irradiation to the wave-lengths between 
310 and 400 mu, as recommended by Little (8). Little used a Corning 
No. 986 filter and an aqueous potassium acid phthalate solution in front 
of the light source to accomplish this purpose. It has been found more 
convenient to utilize a light source encased in a purple envelope (General 
Electric B-H4), which essentially cuts out wave-lengths longer than 400mg, 
and to place the samples in ordinary soda lime (“soft’’) glass tubes which 
cut off wave-lengths shorter than 310 mu. If, in addition to filtering the 
light, the serum is saponified before extraction, the absorption at 328 my 
falls to a plateau whieh remains unchanged with further irradiation. Sapon- 
ification has also been found necessary in order to effect complete extraction 
of vitamin A. With saponification, the light filters are perhaps unneces 
sary, but it has been felt desirable to retain them as a precautionary meas 
ure. However, if the soft glass used is of such a composition as to make 
prolonged irradiation necessary to destroy vitamin A, Pyrex tubes may be 
substituted. 











Optical densi ty 


262 


BPePes eB 


me 
oo 
— 





*Xtract 


lation 


3 COMm- 
ment; 
ration 


»Vapo- 
trated 


trans- 
tubes 


:nipu- 
*h loss 


iation 


it 328 
 vita- 
more 
com- 
tween 
ning 
front 
more 
neral 
\) my, 
which 
14 the 
8 my 


ction 
1eces- 
meas- 
make 
ay be 





BESSEY, LOWRY, BROCK, AND LOPEZ 183 


Fig. 2 furnishes evidence that under the prescribed conditions it is only 
vitamin A which is destroyed by the irradiation and that new absorbing 
materials are not formed. A serum extract was irradiated for 0, 9, and 60 
minutes, and the absorption curves were measured between 305 and 400 
my. The readings at 9 and 60 minutes were then subtracted from the 
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Fic. 2. Effect of irradiation on absorption of serum extracts. Absorption curves 
of serum extracts before and after irradiation with ultraviolet light (310 to 420 my), 
and difference curves for serum extracts and pure vitamin A solution, obtained by 
subtracting the values for the absorption curves before and after irradiation. 


readings at zero time to obtain difference curves representing the change in 
absorption induced by irradiation. These difference curves have been 
compared with difference curves calculated from the change in the absorp-- 
tion of pure vitamin A solutions induced by prolonged irradiation. It will 
be seen that the curves for pure vitamin A and serum extract difference 
nearly coincide. This is strong evidence that the absorption changes are 
attributable to vitamin A destruction only. 
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Comparison with Antimony Trichloride (Carr-Price) M ethod—When con. 
parisons were made between the micromethod described above and the 
antimony trichloride method as usually applied to serum (1-4), it was 
found that a number of the sera gave much higher values by the miero 
method. At least part of the discrepancy was traced to certain inadequa- 
cies of the Carr-Price method as usually applied to serum. The sources of 
error in the antimony trichloride method proved to be (a) incomplete ex. 
traction of vitamin A from unsaponified serum (added vitamin A can, how- 
ever, be completely extracted without saponification) and (b) the presence 
of unknown materials in some extracts which inhibited the color formation 


TaBLeE I 


Effect of Saponification on Carotene and Vitamin A Values (Antimony 
Trichloride Method) 


The results are given in micrograms per cent. 

















Serum treatment | Serum 1 | Serum 2 Serum 3 | Serum 4 | Serum s | Serums 
Vitamin A 
A. Saponified; calculated from in- | | 
ternal standard sovercoscens 8 55 62 | 65 69 lll 
B. Saponified; calculated from pure 
standard . pia tiaced | 42 | 52 57 | «67 |: (65 92 
C. Not saponified; calculated from | 
pure standard. roe, © 37 | 45 50 57 | 51 78 
eS RN Dd ) er far | 2 | 87 88 | 88 70 
Carotene 
! ] | 
ee ees 124 | 232 159 | 171 104 176 
F. Not saponified... eee Uc eS 155 | 166 | 104 169 








with antimony trichloride. Comparison of the figures in Lines A and B 
of Table I clearly shows the importance of the use of internal standards in 
serum vitamin A analysis; otherwise an error is introduced owing to the 
inhibitory effects of materials in serum extracts on the development of the 
color. In Line A the vitamin A content of the serum was calculated on the 
basis of the increment of color produced by adding pure vitamin A to an 
aliquot of the serum extract immediately before color development. In 
Line B the vitamin A values were calculated from the color intensity pro- 
duced in pure solution. A comparison of the figures in Lines B and C illus 
trates the effects of previous saponification on the extractability of the 
vitamin A from the serum.’ It will be noted from Line D that the com- 
bined errors due to the above causes amount to from 12 to 30 per cent. 


* The lower values in Line C are in part due to incomplete extraction and in part 
due to a greater inhibition of color development without saponification. 
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The presence of inhibitory materials in natural products which influence 
the rate and extent of color development resulting from the antimony 
trichloride reaction has long been known (14-16). Oser, Melnick, and 
Pader (17) have recently emphasized the value of the use of an internal 
standard to decrease the error resulting from this effect in analysis of oils 
and foodstuffs. Likewise, the importance of saponification as a means of 
eliminating these inhibitory materials and in aiding extraction has been 
previously pointed out in connection with food analysis. Analogous in- 
formation in relation to serum analysis has not been satisfactory. 

Yudkin (18) reported that saponification is unnecessary for the deter- 
mination of vitamin A in serum, whereas others have found it to be neces- 
sary (19, 20). It is possible that the saponification employed by Yudkin 
resulted in the destruction of tocopherol. If this were the case, part of the 
vitamin A would be destroyed during the evaporation of the petroleum 
ether extracts and any benefits of saponification would be obscured. Pett 
and LePage (20) observed that vitamin A values increased with mild 
saponification and decreased with more drastic alkaline treatment, and in 
this laboratory it has been found that after prolonged saponification higher 
results are obtained by the Carr-Price method if tocopherol is incorporated 
in the petroleum etber used for extraction. With milder saponification, 
or none at all, the presence of tocopherol is without effect on the results. 
In the majority of methods in current usage for the determination of vita- 
min A in serum, saponification is omitted. 

In order to obviate these difficulties, a modified antimony trichloride 
procedure was used for making comparisons with the proposed micro- 
method. 7 ml. of serum were saponified with 1 Nn KOH in 90 per cent 
ethyl alcohol for 20 minutes at 60°. Extracts were then made by shaking 
with 7 ml. of petroleum ether (b.p. 30-60°) containing 1 mg. per cent of 
a-tocopherol (to prevent danger of loss of vitamin A during evaporation 
of the extracts). Triplicate determinations were made with 1 ml. aliquots 
of the petroleum ether extract. The carotene was measured by absorption 
at 460 my in the Coleman model 6 spectrophotometer. The petroleum 
ether was then evaporated, the residue taken up in 0.1 ml. of chloroform 
plus 0.01 ml. of acetic anhydride, and 1 ml. of 25 per cent antimony tri- 
chloride in chloroform was added. Measurements were made at 15 seconds 
at 620 mu with the same instrument. Corrections were made for the con- 
tribution of carotene to the color, assuming that all of the 460 my absorp- 
tion was due to 8-carotene. In addition, internal standards were included 


_ in triplicate by substituting 0.1 ml. of standard vitamin A solution in 


CHCl, for the pure CHCl;. These values were utilized in computing the 
results. The microdeterminations were made as previously described with 
¢.mm. of serum. Eleven sera were analyzed by both the macro- (anti- 
mony trichloride) and microprocedures for vitamin A and carotene. The 
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averages of all the determinations were in good agreement (Table II) by 
the two methods. The standard deviation between individual values 
measured both ways was 5 y per cent for vitamin A and 7 y per cent for 
carotene (one carotene value omitted in calculating the standard deviation), 
This is additional proof of the reliability of the proposed micromethod for 
the measurement of vitamin A in serum. 

Use of Different Serum Volumes and Reproducilility—Although it is 
recommended that 60 to 100 c.mm. of serum be used for analysis, it is 
possible to obtain valid data with as little as 35 c.mm. if somewhat more 


TABLE II 
Comparison between Micro- and Macromethods for Vitamin A and Carotene 
The results are given in micrograms per cent. 

















Vitamin A Carotene 
Serum No. 
Micro* Macrot (Carr-Price) | Micro* | Macrot 

1 106 111 | 183 176 

2 74 68 185 171 

3 66 69 | 110 | 104 

4 56 52 91 7 

5 55 62 159 159 

6 52 51 179 171 

7 51 51 | 131 | 122 

8 50 55 198 232 

9 46 43 | 89 83 

10 43 40 100 | 7 

11 39 45 | 123 | 124 
Average ...... 58 59 | 141 139 








* Proposed method with 0.06 ml. of serum. 
t Modified antimony trichloride procedure with 1 ml. of serum. 
t Petroleum ether extract of 1 ml. of serum. 


attention is given to analytical details. A number of sera were analyzed 
in replicate by the proposed procedure with 35, 60, and 100 c.mm. samples. 
The samples were treated with volumes of alcoholic KOH equal to the 
serum volumes and were then extracted with 40, 60, and 100 c.mm., respet- 
tively, of kerosene-xylene. Nine to twenty-eight samples were measured 
at each volume level. The standard deviations were 1, 1, and 2 y per cent, 
respectively, for vitamin A, and 1, 1, and 1 for carotene. 

Table III shows that essentially the same absolute values are obtained 
when different amounts of serum are used for analysis. Three sera were 
analyzed in triplicate at each volume level. 

Effect of Storage—In making analyses for nutritional surveys it is most 
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convenient if samples can be collected in the field, transported to a central 
laboratory, and analyzed at a later date. In this case one must be assured 
of the keeping quality of samples and of the storage conditions compatible 
with the stability of the substances to be measured. To obtain the neces- 
sary information, two serum samples were stored at various temperatures 
in a number of sealed tubes and analyzed after 1 and after 4.5 months for 
vitamin A and carotene by the proposed micromethod. There was no 
detectable change after 1 month at either 4° or —20° in either vitamin A or 
carotene. At room temperature, however, the vitamin A had fallen to 
about 45 per cent of its initial value and the carotene to 10 per cent or less. 
After 4.5 months at —20° there was no significant change in vitamin A 
and the carotene had only fallen by about 6 per cent. At 4° the carotene 








Taste III 
Vitamin A and Carotene Values with Different Volumes of Serum 
Serum 1 Serum 2 Serum 3 
| 
Volume of serum, c.mm.................. 35) 60} 100) 35 | 60 | 100) 35) 60) 100 
Sen aes ere 74| 75) 74) 49 | 47 50} 50) 52) 50 
NN ce ot wid aoe Aneel Rees 131} 132) 132] 95 | 98 | 96} 139) 138) 138 





All measurements made in triplicate. 


was almost gone in both samples, one vitamin A value was unchanged, 
and the other had fallen 40 per cent. It seems permissible to conclude 
that in serum carotene is more unstable than is vitamin A, and that sera 
may be stored for several weeks at 4° or several months at —20° without 
prejudice to the results. 


SUMMARY 


1. A method is described for measuring the vitamin A and carotene in 
60 c.mm. of serum, an amount easily obtainable from the finger. Since, 
inaddition, one analyst can perform at least 50 determinations in a working 
day, it appears to fulfil the requirements for a nutritional survey method 
or for studies on small animals. 

2. The method has been compared with a modified Carr-Price (antimony 
trichloride) macroprocedure which gave essentially the same carotene and 
Vitamin A values as the micromethod. 

3. Low values for vitamin A were obtained with the Carr-Price method 
as usually performed on serum. Several factors which appear to be re- 
sponsible for these low results are discussed. 

4. Data are given on the keeping qualities of vitamin A and carotene in 
stored sera. 
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THE BIOLOGICAL SIGNIFICANCE OF THE THROMBOPLASTIC 
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The activators of blood clotting present in mammalian tissue, 7.e. the 
agents responsible for the conversion of prothrombin to thrombin, have 
been shown to be lipoproteins of a very high particle weight (1-3). These 
substances readily form sediments in a strong centrifugal field (31,000g), 
but remain in solution when subjected to weaker centrifugal forces (5000g). 

The consideration of the manner in which thromboplastic substances 
occur in blood is of importance for an understanding not only of the physi- 
ology of normal blood coagulation but also of bleeding disturbances, such 
as hemophilia. The rédle of the blood platelets, usually regarded as the 
main source of thromboplastic material, in the clotting of normal and of 
hemophiliac blood has often been considered. (Compare the surveys in 
(4,5).) But whether an additional factor, exhibiting the centrifugal char- 
acteristics of the thromboplastic protein of tissue cells, is present in blood 
has remained unknown. A brief report on the effect of high speed centrifu- 
gation of plasma on its coagfilation time (6) appeared, however, suggestive 
of the existence of such a factor. 

The orienting studies presented here include a comparative investigation 
of the effect of high speed centrifugation on the clotting time of normal and 
of hemophiliac plasma.' They were prompted by the opportunity of study- 
ing an interesting case of an acquired hemophilia-like condition in a female 
patient. 

The literature contains only few reports on an acquired bleeding disturb- 
ance in the female exhibiting, in a more or less typical fashion, the character- 
isties of hemophilia, except for the important feature of hereditary trans- 
mittal (8,9). The case which furnished the opportunity for the study of 
the blood clotting defect presented here was, in addition, characterized by 
the presence of a circulating anticoagulant, a phenomenon occasionally ob- 
served in the past (10, 11). The other blood specimens used in this study 
were obtained from a genuine hemophiliac with authentic family history. 


*This work has been supported by a grant from the John and Mary R. Markle 
Foundation. 
' The effects of centrifugation at low speed have been compared by Quick (7). 
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EXPERIMENTAL 


Origin of Blood Specimens—The blood samples designated N were col. 
lected from normal young adults. Those marked H came from an authentic 
hemophiliac. The blood specimens listed as F were obtained from a female 
patient with an acquired bleeding disturbance. A brief history of this cage 
is given in the following paragraph. All blood samples were collected before 
breakfast and examined immediately. 

Case History—(Presbyterian Hospital, Unit No. 784026.) A housewife of 33 years 
was admitted with diffuse, recent subcutaneous hemorrhages and a large hemorrhage 
beneath the tongue. There were slight limitation of motion of both knees, secondary 
anemia, moderate leucocytosis. Blood clotting time, 80 to 100 minutes. Consider- 
able prolongation of clotting time of normal blood on admixture of small amounts 
of the patient’s blood. Prothrombin time, 23 seconds. Platelets, 165,000. Serum 
protein6.1 gm. per100cc. Alkaline phosphatase, 2.4 Bodansky units. Cephalin floe- 
culation, negative. Electrophoretic pattern of plasma normal, including fibrinogen. 
No unusual capillary fragility. Blood is Rh-positive. The present illness probably 
dates from 7 months before admission when the patient had her last delivery. Sey- 
eral weeks after a normal delivery, hemorrhages, chiefly in the arms and legs, ap- 
peared about every 2 weeks. There was subcutaneous bleeding, intramuscular and 
within joints. Previous bleeding history: hemorrhages following spontaneous 
abortion in 1942 and after a tooth extraction in 1943. Three out of five pregnancies 
resulted in miscarriage; neither of the living children has any bleeding tendeney, 


Protamine Titration—In view of the presence of a circulating coagulant 
in blood F it appeared of interest to examine it for the presence of heparin. 
The determination of the clotting time of blood and plasma, following the 
addition of varying small amounts of salmine, is based on the observation 
that this strongly basic protamine abolishes the anticoagulant action of 
heparin both in the circulation and in vitro (12). The determinations on 
whole blood were carried out with venous blood, freshiy drawn (without any 
addition) before breakfast. The plasma was obtained 50 minutes later 
from the same blood sample without centrifugation by allowing the blood 
cells to settle in the refrigerator. The results, summarized in Table I, 
furnish no indication of the presence of an anticoagulant of the heparin 
type. The drop in clotting time; observed on addition of 2.5 y of prota- 
mine, cannot be explained at present. 

Effect of Centrifugation on Plasma Clotting Time—The effect of differential 
centrifugation on the clotting time of normal human plasma has been dis 
cussed in a recent publication (13). In the present study a similar approach 
was employed for a comparison of the behavior of plasma obtained from the 
patients F and H with that of normal plasma. The blood, collected before 
breakfast, was mixed immediately with one-ninth its volume of 0.1 mM sodium 
oxalate solution. Plasma samples were removed following centrifugation 
at 1500 r.p.m. (260g) for 3 minutes (Experiment 1, Table II). The remain- 
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ing mixture was then centrifuged at 4000 r.p.m. (1900g) for 20 minutes in 
a refrigerated angle centrifuge. The clear supernatant was siphoned off 
carefully, and samples were removed for testing (Experiment 2, Table IT). 
10 cc. portions of the plasma samples were then subjected to a centrifugation 
at 20,000 r.P.m. (31,000g) for 150 minutes in a refrigerated International 
centrifuge equipped with a multispeed attachment,? which brought about 


Tas.e I 
Effect of Protamine on Clotting Time of Blood and Plasma from Patient F 


The experiments were carried out at pH 7 and 30° by mixing 0.2 cc. of blood or 
plasma with 0.2 cc. of the solution of salmine in physiological saline. 

















Salmine in experiment 
Clotting time 
25 10 7 Sy 2S vn 
— min min. min | ate. 
+a 35 40 - we a 
Ee 40 40 40 30 | 35 
TaB_e II 


Effect of Centrifugation on Plasma Clotting Time 
The experiments were performed at 37° by mixing 0.1 cc. of plasma with 0.2 ce. 
of a 0.01 m calcium nitrate solution (containing 0.42 per cent of sodium chloride). 
In experiments in which more than one clotting time is reported, the figures record 
the span between the first appearance of fibers and the formation of a clot. N = 
normal; F = female bleeder; H = hemophiliac. 

















- | Duration Gust. Plasma clotting time 
men No. |plcentr| fuel - : : = 
min. g 
1 | 3 | 260|2min., 50sec. | 9 min., 45 sec. to | 5 min., 10 sec. to 
22 min. 15 min. 
2 20 | 1,900} 3 min., 20 sec. to | 15-27 min. | 10 min., 40 sec. to 
4min., 30sec. | | 17 min, 
3 150 | 31,000| 5 min., 50 sec. to | No clot within 81 | 12 min., 35 sec. to 
8 min. | min. 25 min. 





the sedimentation of minute reddish brown translucent pellets. The coagu- 
lability of the plasma samples following the high speed centrifugation was 
likewise examined (Experiment 3, Table II). 

The small pellets sedimented by the centrifugation of 10 cc. of plasma at 
31,0009 were suspended in 1 cc. of physiological saline (corresponding to a 
l0-fold concentration with respect to the original plasma). The clotting 


*All contrifugations were carried out in lusteroid tubes. 
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effect of these suspensions on the plasma samples that had undergone cep. 
trifugation at 31,000g is presented in Table III. 

It appeared of interest to determine whether a fraction possessing the 
centrifugal characteristics of the thromboplastic protein was contained ip 
the pellets sedimented from normal plasma at 31,000g. As has repeatedly 
been shown in this laboratory (2, 3, 13), the thromboplastic protein of Vari 


Taste III 

Effect of High Speed Sediments on Clotting Time of Plasma Centrifuged at High Speed 

The experiments were carried out at 37° by mixing 0.1 cc. of plasma with 0.1 ce, 
of the saline suspensions of the high speed sediments (or, in control experiments, 
of physiological saline) and 0.2 cc. of a 0.01 m calcium nitrate solution (containing 
0.42 per cent of sodium chloride). The components of the mixtures are indicated 
by plus signs. For the explanation of the clotting intervals indicated, compar 
Table II. Assays A and B were carried out at different times of admission to the 
hospital of patient F and with different specimens of normal plasma. N = normal; 
¥ = female bleeder; H = hemophiliac. 











| N | F | H Clotting time 

= | | Sedi- | ‘Sedi- ae “Sedi- ay Mi nes 

= Plaama | ment | /48M4) inent | Plasma! rent Assay A Assay B 

| sec. sec 
1 | + | 365-690 350-480 
2 + | +] 100 90 
3 os No clot within | No clot within 
| 90 min. 81 min. 

4 | | + | + 345-405 | 430-580 
5 + | + 170 25-380 
6 | + | | + | 305-437 354-435 
7 | + 755-1030 
8 | | | | ~ + 325-395 
9 | | co - | 104 

10 | + | + 300-380 
11 | | + - 440-780 
12 | - oa 540-780 








ous tissues is sedimentable at 31,000g, but not at 5000g. A sample of 
normal oxalated plasma was subjected to a fractional centrifugation, as 
described before. Following centrifugation at 1900g for 20 minutes, the 
clotting time of the recalcified plasma was 217 to 250 seconds; following 
centrifugation at 31,000g for 150 minutes, 340 to 690 seconds (see also Table 
II). The suspension of the high speed sediment (from 10 ce. of plasma) in 
1 cc. of borate buffer of pH 8.4 was centrifuged at 8000 r.p.m. (50009) for 
30 minutes. The almost clear supernatant, when tested in the arrangement 
presented in Table III, produced a firm clot in 160 seconds. The amount of 
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thromboplastic protein found in normal human plasma, when expressed in 
terms of the most active preparation isolated from human tissues (3), may 
be estimated tentatively as between 0.1 and 1 y per cc. of plasma. 

Anticoagulant E ffect of Plasma—Admixture of plasma F to normal plasma 
(corresponding to the plasma samples listed as Experiment 2, Table IT) 
caused definite clotting inhibition. With 7 parts of the patient’s plasma 
and 3 parts of normal plasma or with equal parts of both plasma samples, 
an extremely slow fibrin deposition was observed which led to the formation 
of a very soft coagulum in about 29 minutes. 


TaBLe IV 
Effect of Thromboplastic Protein of Beef Lung on Clotting Time of Plasma 
Centrifuged at High Speed 
The experiments were carried out at 37° by mixing 0.1 cc. of plasma with 0.1 ce. 
of physiological saline containing the indicated amounts of thromboplastic protein 
and 0.2 cc. of a 0.01 m calcium nitrate solution (containing 0.42 per cent of NaCl). 
For the explanation of N, F, H, A, and B, see Table IIT. 





Clotting time 





a Thromboplas- | 
0. 














| tic protein | N | F H 
| AssayA | Assay B | Assay A Assay B Assay B 
7 | sec. sec. j SEC. SEC. s€c. 
1 100 | 30 | 33 30C| 48 37 
2 10 | 41 | 46 | 42 | 659 60 
3 1 | 75  — 83 | 109 104 
4 0.1 149 | 160 | 191 | 230 231 
5 0.01 | 248 | 265 355-945 420-559 | 400-560 
6 0.001 | 295-540 | 
7 0 365-690 | 350-480 |>5400 (> 4860 755-1030 





Plasma Antithrombin—The plasma of patient F appeared to contain no 
more than the normal amount of antithrombin. (For a discussion of this 
factor, see a recent review article (14).) Albumin fractions prepared by 
techniques described previously (15) exhibited an antithrombin effect that 
was only slightly higher than that shown by comparable preparations from 
normal plasma. 

Effect of Thromboplastic Protein—The action of preparations of the throm- 
boplastic protein on human plasma, centrifuged at 31,000g, has recently 
been discussed (3, 13). In the experiments here presented a highly purified 
preparation of the thromboplastic protein of beef lung (2) was employed. 
The results, shown in Table IV, demonstrate that with less than 1 y of the 
thromboplastic protein per 0.1 cc. of plasma the coagulation times of both 
pathological plasma samples were abnormally long, though with more this 
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difference vanished. In what may be considered a region of thromboplastin 
excess (1 y or more) the hemophiliac plasma H and the hemophilia-like 
plasma F behaved essentially similar to normal plasma. 

Incubation of Thromboplastic Protein with Plasma—In view of the appar. 
ent deficiency of the pathological plasma specimens in thromboplastie 
protein, it was of importance to determine whether these plasma samples 
contained an agent able to destroy the thromboplastic protein. Oxalated 
plasma (prepared by centrifugation at 31,000g for 150 minutes) was inev- 


TABLE V 
Effect of Incubation of Thromboplastic Protein with Plasma 
Mixtures of 1 ec. of plasma (centrifuged at high speed) with 1 ec. of saline con- 
taining the indicated amounts of thromboplastic protein were kept at 37°. The 
clotting times were determined at stated intervals on 0.2cc. portions of the mixtures, 
following recalcification as in Table II. The first appearance of fibers is recorded 


























Thrombo- | N | F " 
plastic protein eee 

, thy a Clotting time a Clotting time een | Clotting time 

Y min. Sec. | min. sec. min. see. 

20—| is I 0 91 0 | 16 

| 10 | (105 17 115 4 86| 107 

| 2 | 102 | 31 128 | 28 110 

40 | 115 48 140 44 130 

| 60 | ws 67 140 «|©6||~—ClU68COd|:CtsCD 

| 10 | 182 118 155 | i113 | 10 

|} 150 | 180 | ~ 161 2022 | 155 | 282 

240 268 258 245 | 250 | 2% 

| | | 

1 | o |} wo | 0 215 | 0 | 205 

20 170 35 280 | 26 | 289 

77 ~«=6| = 285 92 350 5 | 885 

|} 120 | 285 | 135 420 | 126 | 440 





bated at 37° with a very potent preparation of the thromboplastic protein 
of beef lung (in concentrations of 20 and 1 y per ec. of plasma) and the 
clotting time of the recalcified mixture determined after various time inter- 
vals. No important departure from the behavior of normal plasma was 
observed: the rates at which the clotting times of all plasma specimens 
responded to the length of incubation were essentially similar (Table Vy). 
It is, in fact, doubtful whether the gradual prolongation of the clotting time 
may be attributed to the thromboplastic protein which, at least in the 
absence of plasma proteins, is known to be extremely stable (2). It is po 
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sible that partial inactivation of prothrombin is responsible for the observed 
effect. 


DISCUSSION 


Tables II to IV may be considered to summarize the most important 
results of this study. When oxalated plasma, following centrifugation at 
4000 r.p.m. (1900g), is subjected to prolonged centrifugation at 20,000 
n.P.M. (31,0009), its coagulation time is extended very noticeably. This 
effect is even more conspicuous in hemophiliac plasmas in which occasionally 
complete absence of clotting is observed (Table II). The clotting factor of 
which the plasma is deprived by high speed centrifugation is found in a 
minute pellet whose sedimentation is brought about by this operation. 
When the effects of these sediments on normal and pathological plasma 
specimens are compared, it can be seen that the plasma from patients 
exhibiting a marked bleeding tendency contains considerably less of the 
clotting activator than does normal plasma (Table III). Thromboplastic 
protein preparations, when added in sufficient, though still very small, 
amounts, induce the pathological plasma specimens to clot with normal 
speed (Table IV). 

The studies of the coagulation defect in the case exhibiting an acquired 
bleeding tendency resembling hemophilia (patient F) indicate that it is 
attributable to two causes, (1) a pronounced lack of thromboplastic factor 
in the plasma of the patient, (2) the presence in this plasma of a clotting 
inhibitor different from heparin. It might be argued that these two causes 
are in reality facets of the same phenomenon; namely, the occurrence in the 
patient of an agent that destroys the activity of the thromboplastic protein. 
However, the experiments on the effect of incubation of the thromboplastic 
protein with plasma (Table V) furnish no support to this assumption, at 
least with respect to the presence in the blood of such a factor, nor is there 
evidence of the existence of such an agent in the authentic hemophiliac 
plasma H. 

It appears likely that a thromboplastic protein not unlike that isolated 
from tissue cells occurs in extravasated normal blood and contributes to its 
clotting properties. The particulate fraction sedimented at 31,000g prob- 
ably includes, in addition to the thromboplastic agent, a variety of minute 
breakdown products of the blood corpuscles. Whether the thromboplastic 
protein exists in circulating blood remains, unfortunately, an inherently 
unanswerable question. In any event, the results summarized in Table 
III point to a remarkable parallelism between the clotting behavior of the 
whole plasma and the activity of the high speed sediment derived from it. 
If the activation experiments presented in Table IV are plotted as previ- 
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ously described (13), it can, for instance, be computed from the results of 
Experiments 2 and 6 in Table III that the high speed sediment from 1 ce, of 
normal plasma exhibited an activity corresponding to 0.4 y of the thrombo. 
plastic protein from beef lung, whereas the sediment from the pathological 
plasma F contained only 0.03 +. 

The reasons for this abnormality are not clear. Recent work in this 
laboratory (3, 13) has demonstrated that practically the entire thrombo- 
plastic activity of tissue cells is confined to one particulate fraction, the 
thromboplastic protein, which is probably derived from the cytoplasm. 
The specific cell types responsible for the thromboplastic effect are not yet 
known. In the absence of additional information, the explanation of bleed- 
ing disturbances that are due to the low concentration of the thromboplastie 
protein in blood (hypothromboplastinemia) will have to be limited to the 
statement that these conditions could be due either to the failure of certain 
tissue cells to produce, or to release, sufficient quantities of the thrombo- 
plastic factor or to the occurrence in the organism of an agent that destroys 
this factor. Concerning the anticoagulant whose presence has been shown 
to be probable in plasma F, all that can be said at present is that it appears 


not to be heparin. 


The assistance of Mrs. Helen Fabricant Saidel is gratefully acknow 
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SUMMARY 


The effects of high speed centrifugation on the clotting behavior of normal 
and hemophiliac plasma are compared. The coagulation defect in the 
pathological specimens is shown to be attributable to a marked deficiency 
of the blood in a clotting factor similar to the thromboplastic protein of 
tissue cells. The blood of a female patient exhibiting a non-hereditary 
bleeding disturbance was, in addition, characterized by the presence of a 
coagulation inhibitor different from heparin. In connection with the find- 
ing that the coagulation defect can be overcome by the addition of the 
purified thromboplastic protein of beef lung, the evidence of the presence 
in normal blood of a thromboplastic protein fraction, sedimentable by high 
speed centrifugation, similar to that isolated from tissue cells is discussed. 
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COLORIMETRIC DETERMINATION -OF GLYCOGEN 
DISADVANTAGES OF THE IODINE METHOD 


By DANIEL LUZON MORRIS 


(From the Department of Nutritional Research, Mead Johnson and Company, 
Evansville, Indiana) 


(Received for publication, July 15, 1946) 


Since one of the most widely known properties of glycogen is the red- 
brown color that it gives with iodine, it is not surprising that attempts have 
been made to use this color for the comparison of different samples of glyco- 
gen (1, 2) or for the measurement of glycogen (3, 4). The experiments 
reported here indicate, however, that such methods are not very satis- 
factory for quantitative work: although the color produced with iodine 
does vary with the concentration of glycogen, it also varies with the temper- 
ature, with the concentration of iodine, and even with the glycogen sample. 


EXPERIMENTAL 


Effect of Glycogen Concentration—Fig. 1 shows the relation between the 
glycogen concentration and the light absorbed by solutions of constant 
iodine concentration. The experimental conditions were the following. 
A solution of corn glycogen (5) was prepared which contained about 2 mg. 
per ml. Its exact concentration was determined by measurement of the 
glucose formed after hydrolysis. A measured volume of this solution (0.5 
to 5 ml.) was put into a volumetric flask, and water added to make 5 ml. 
Then, in succession, were added 0.5 ml. of 10 per cent potassium iodide, 
5 ml. of 0.01 N potassium iodate, and 5 ml. of 1 N acetic acid solutions. The 
volume was made up to 25 ml., and the solution was poured into a colorim- 
eter tube standing in a large beaker of water at 22.5° (close to room tem- 
perature). After at least 20 minutes, and then at intervals of 10 minutes, 
the color density was measured with an Evelyn photometer, with a 565 mu 
filter. The instrument was set to read 100 per cent transmission with a 
blank containing iodine but no glycogen. There was no change in the color 
density over a 20 hour interval if the tubes were kept stoppered to prevent 
the evaporation of iodine. No correction was made for the light absorption 
of the glycogen itself, since it was found that such a correction would be 
less than 1 per cent. The line shown in Fig. 1, which is plotted logarith- 
mically, curves slightly. Similar curves, but differently placed, result if 
the experimental conditions are varied. 

Effect of Temperature—Fig. 2 shows the effect of temperature on the color 
density of a solution of constant glycogen and iodine concentration. The 
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Fig. 1. The color density, at 565 my, of solutions containing 0.05 m.eq. of iodine 
and varying amounts of glycogen in 25 ml. at 22.5°. 
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Fig. 2. The color density of a solution containing 11.8 mg. of glycogen and 0.05 
m.eq. of iodine in 25 ml. at varying temperatures. 


solution contained 11.8 mg. of glycogen and iodine was added in the same 
way as before. For each reading, colorimeter tubes containing the glyco- 
gen-iodine solution and an iodine blank were put in a water bath at the 
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desired temperature and allowed to reach the temperature of the bath. The 
tubes were then quickly dried, and the color measured within a few seconds. 
(The color density of the iodine blanks varied by a few per cent over the 
temperature interval between 5° and 50°; the changes were in the opposite 
direction from those of the glycogen-iodine complex, i.e. the color increased 
with higher temperature.) The variations with temperature were found to 
be reversible and perfectly reproducible. It will be seen that over a 5° 
interval in the normal room temperature range there is a variation of nearly 
25 per cent in the value of log Jo/J. Similar variations of color with tem- 
perature were observed when the experimental conditions were those of van 
Wagtendonk, Simonsen, and Hackett (4). 

Effect of Iodine Concentration—Fig. 3 shows the efiect of iodine concen- 
tration on the color produced with glycogen. Here the glycogen concentra- 
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Fic. 3. The color density of solutions containing 3.86 mg. of glycogen and varying 
amounts of iodine in 25 ml. at 23°. 








tion and the temperature were kept constant, and the color density of the 
glyecogen-iodine complex was measured in each case against that of a blank 
containing iodine at the same concentration. 

Effect of Source of Glycogen—One 8.5 mg. sample each of glycogen from 
corn, from rabbit liver, and commercially obtained! was compared under 
identical conditions. The values for log Io/J were respectively 0.670, 
1.421, and 0.260. Thus the results are greatly affected by variation in the 
source of the glycogen. 

Sumner and Somers Test for Glycogen—A word might be said here about 
the test for glycogen which was proposed by Sumner and Somers (6). This 
consists in the addition of a very small amount of iodine to a 0.25 per cent 
solution of glycogen in half saturated ammonium sulfate solution. By this 
test they have found a difference between liver and corn glycogen, the first 


' Pfanstiehl’s c.p., stated by the manufacturer to have been prepared from rabbit 
livers. 
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giving a yellow and the second a pink color. We have not been able ty 
make this distinction; with either liver or corn glycogen (both purified by 
treatment with alkali) a salmon-pink color was obtained. On the other 
hand, Pfanstiehl glycogen gave a pure yellow color. Chargaff and Moore 
(7), comparing liver glycogen with glycogen from tubercle bacilli, noted 
that in the Sumner and Somers test the liver glycogen gave a red-brown 
color, whereas the bacterial glycogen gave a pure yellow color. 


DISCUSSION 


It has been well known that the color of either a starch-iodine or a glyeo- 
gen-iodine solution would fade if the solution were heated, and return if 
cooled. With starch the change in color in the room temperature range is 
small, and methods such as Nielsen’s (8), which use the starch-iodine color 
for starch determination, are probably subject to only small errors due to 
changes in temperature. These errors are likely to be much larger with 
glycogen, and therefore in the use of such methods as those of Jung (3) or 
of van Wagtendonk et al. (4) great care must be taken that all measurements 
are made at the same temperature. Likewise the variation of the color of 
the glycogen-iodine complex with iodine concentration is not unexpected 
in the light of the work of Bates, French, and Rundle (9). In view of this 
variation, however, the quantity of iodine used in such determinations must 
be very carefully measured, and precautions taken to avoid evaporation. 
Finally, it is important that the readings for a given glycogen sample be 
compared with those of a standard containing glycogen prepared from the 
same source, by the same method (cf. (2)), and preferably by the same 
investigator. The complexity of these precautions seems to make colori- 
metric assay of this type of relatively little value when even moderate 
accuracy is desired. 


SUMMARY 


The red-brown color formed by glycogen with iodine varies in intensity 
not only with the concentration of the glycogen but also with the tempera- 
ture, the iodine concentration, and the source of the glycogen. These 
variations are so great that extraordinary precautions must be used when 
the concentration of glycogen is to be determined by the measurement of 
this color. 

It has not been found possible to distinguish between glycogen from 
animal and vegetable sources by differences in the color produced upon the 
addition of ammonium sulfate and iodine. 
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TOCOPHEROL CONTENT OF SKELETAL MUSCLE: COMPARISON 
OF CHEMICAL AND BIOASSAY METHODS* 


By HANS KAUNITZ anp J. J. BEAVER 


(From the Departments of Pathology, College of Physicians and Surgeons, 
and of Chemistry, Columbia University, New York) 


(Received for publication, May 29, 1946) 


The number of determinations of tocopherols in muscle tissue reported 
in the literature is small. This may be due to the complexity and time- 
consuming technique of both the chemical and biological methods, as well 
as to the poor agreement between the two assays. An accurate account of 
the chemical assay of vitamin E has recently been compiled in Dr. K. C. D. 
Hickman’s laboratory.' 

The fact that the chemical determinations usually yielded smaller values 
than the bioassays was probably due to hydrolysis of the extracts to elimi- 
nate fats and filtration through an adsorbent earth to separate the toc- 
opherols from carotenes. These procedures were found to be unnecessary 
if the method of Kaunitz and Beaver (1, 2) for the determination of toc- 
opherols in the presence of fats was applied to muscle extracts. 


Extraction of Muscle Tissue 


Fig. 1 demonstrates the amounts of fat and tocopherols successively 
extracted from 97 gm. of human skeletal muscle with 900 ml. of solvent. 
First, the muscle was emulsified with acetone for 10 minutes in a Waring 
blendor. The volume was made up with acetone in two centrifuge tubes 
to 1 liter and permitted to stand with occasional shaking; equilibrium was 
obtained in 24 hours, a time which could have been considerably shortened 
with a shaking machine. After centrifuging, the fat, tocopherol, and 
carotene contents of the supernatant fluid were determined by extracting 
the acetone water layer three times with 300 ml. of purified Skellysolve B, 
washing the Skellysolve with distilled water, centrifuging, and evaporating 
under approximately 20 mm. of Hg pressure under N. The residue was 
weighed, the carotenes were determined by dissolving an aliquot of the 
residue in a known volume of Skellysolve, and the —log 7’ value deter- 
mined in a Coleman universal spectrophotometer or in a Beckman spectro- 
photometer. The tocopherols were determined according to the method 
of Kaunitz and Beaver (1, 2) with modifications to be discussed below. 
The second extraction of the residue of the muscle tissue was a duplicate of 


* Aided by a grant from the John and Mary R. Markle Foundation. 
Baxter, J. G., Biological symposia, Lancaster, 12, in press. 
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the first; the others were modified by first using one-half acetone and 
Skellysolve and then one-third acetone and two-thirds Skellysolve: for the 
eighth and ninth extractions, concentrated HCl was added as indicated in 
Fig. 1. 

In Fig. 2 are shown the results of successively extracting 6700 gm. of 
beef muscle with 12 liters of solvent for each extraction. The solvent 
varied from methyl alcohol to a mixture of one-third methyl alcohol and 
two-thirds Skellysolve. Concentrated HCl was added for the last two 
extractions as indicated in Fig. 2. 
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Fie. 1. Total fat and tocopherols obtained by repeated extraction of human 
muscle. 


The data in Figs. 1 and 2 demonstrate that the acetone-Skellysolve 
mixture removed fat, tocopherol, and carotenes at a more rapid rate than the 
alcohol-Skellysolve combination, and also that the tocopherol and carotene 
concentrations roughly parallel the fat concentration curve, except for the 
first four alcohol concentrations in Fig. 2, in which a relatively higher con- 
centration of tocopherols and carotenes compared to fat was observed. 
Part of these differences in the rate of extraction is of course due to the 
change in the solvent-solid ratio. 

On the assumption that a distribution coefficient can be calculated be- 
tween the volume of the emulsified muscle and the volume of the solvent, it 
is possible to calculate the number of extractions necessary for 98 per cent 
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extraction of the tocopherols. With a distribution coefficient of 12, the 
curve indicated in Fig. 1 was obtained. It follows the curve obtained by 
direct measurements within the experimental error. 

On the basis of the above experimental results and calculations, four ex- 
tractions for at least 24 hours each with a solvent-solid ratio of 20:1, twice 
with acetone, once with one-half acetone and one-half Skellysolve, and 
gnce With one-third acetone and two-thirds Skellysolve, were used as a 
standard procedure. 
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Extraction 


Fie. 2. Total fat, tocopherols, and carotenes obtained by repeated extraction of 
beef muscle. 


Effect of Carotenes and Vitamin A 


Since carotenes and vitamin A are always present in the tissue extracts 
and have reducing properties similar to the tocopherols, various procedures 
have been described to eliminate these substances. 

Previous workers have usually sought to accomplish this by filtration 
through an adsorbent earth (Emmerie and Engel (3); Devlin and Mattill 
(4); Mayer and Sobotka (5)), advantage being taken of the fact that caro- 
tenes and vitamin A are preferentially adsorbed from benzene solutions. 
The studies presented here indicate, however, that some tocopherol is 








208 TOCOPHEROL DETERMINATION IN MUSCLE 


adsorbed on the earth when fat is present. This difficulty has not bee 
sufficiently appreciated. 

In previous papers (1, 2), a determination of tocopherols in the presence 
of fats was described in which the Merck modification (4) of the Emmerie 
Engel iron-bipyridine reagent (3) was used. Since fats depress the color 


formed by this reagent with tocopherol, measurements of the absorption 


~Log T 
32. 


264 











0 100 


Micrograms a tocopherol added 


Fic. 3. Influence of filtration through floridin on tocopherols in the presence of fat. 
Curves I and II, 1 gm. of sesame oil and 1000 y of synthetic dl-a-tocopherol were 
dissolved in 20 ml. of benzene. One-half of the solution was evaporated, and the 
residue taken up in 5 ml. of Skellysolve. For Curve II, the benzene mixture was 
filtered through a 50 X 25 mm. column of HCl-treated floridin, the column washed 
three times with benzene, the latter evaporated, and the residue treated as for Curve 
I. 70 y of a-tocopherol out of 100 y were recovered (for calculation see the equation 
in ““Procedure’’). Curves III and IV, a similar experiment with rat fat. From 
Curves III, the presence of 170 y of a-tocopherol per ml. of Skellysolve can be eal- 
culated. Curve IV indicates recovery of 35 y after floridin filtration. 


coefficient must be made with and without the addition of known amounts 
of tocopherol. 

This procedure is illustrated in Fig. 3 in which Curve I represents the 
maximum —log 7’ values of the bipyridine-fat-tocopherol mixtures neces 
sary to determine 100 y of synthetic dl-a-tocopherol? in 100 mg. of sesame 


2 We are indebted to Hoffmann-La Roche, Inc., for supplying us with a-tocopherdl. 
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oil. The method is described below. In Curve II are plotted the results 
obtained for the same tocopherol-sesame oil mixture after filtration with 
benzene as solvent through floridin,? which had been treated according to 
Devlin and Mattill (4) with concentrated HCl. From the —log T values 
of Curve I, Fig. 3, the presence of 100 + of a-tocopherol, as originally added, 
js calculated from the equation given below (under “‘Procedure”’). Curve IT 
indicated that only 70 y were present after filtration. Despite the loss of 30 
per cent of the tocopherol, the —log 7’ value of the filtered solution, with- 
out further tocopherol addition, is greater than that of the original. Since 
fats, depending on their concentration and physicochemical properties, 
depress the color (1), the above result indicates that fat was either adsorbed 
or chemically altered by the floridin. 


TaBLe I 
Influence of Floridin Filtration on Recovery of Tocopherol 




















Tocopherol used Amount of fat added eee ee after 
Y mg. per cent 
110 0 101 
60 8 (Rat) 80 
60 20 “ 78 
60 9 « - 
60 40 “cc 72 
214 100“ 52 
60 200 ‘cc 58 
110 480 “ 4 
104 50 (Sesame oil) 62 
428 100 “ce “ 68 








Curves III and IV in Fig. 3 present an experiment with rat fat in which 82 
per cent of the tocopherol was lost after filtration. The —log T value after 
filtration is less than that of the original. 

Similar experiments, in which two different floridin samples were used 
and in which the amounts of fat and of tocopherol were varied, are demon- 
strated in Table I. The fat and tocopherol were dissolved in purified 
benzene, and filtered through a floridin column that had been filled with 
nitrogen. After washing the column with additional benzene, the latter 
Was evaporated in an atmosphere of nitrogen, the residue taken up in 
purified Skellysolve B, and the tocopherol content of this mixture deter- 
mined according to the method described below. The recoveries ranged 
from 4 to 80 per cent, with the greatest losses observed when 100 mg. or 
more of fat had been added to the benzene. 


*Courtesy of the Floridin Company, Warren, Pennsylvania. 
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In methods previously used, the muscle extracts were subjected to 
saponification prior to filtration. The amount of fat present during the 
filtration was consequently small. One would therefore expect that the 
losses caused by filtration were not excessive. 

These experiments indicate the difficulties encountered when a separation 
of tocopherols from carotenes is tried in the presence of fats. Since it has 
been shown previously ((1), p. 654) that tocopherol losses may occur if 
hydrolysis of the fat is attempted, neither filtration nor hydrolysis seems 
useful for a quantitative determination of tocopherol in tissue extracts, 

When one attempts to determine the reductive capacity of a musele 
extract with the iron-bipyridine reagent, accurate results cannot be ob- 
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0 10 2~SC~CS~CSS~CSS~SRO 70 
Minutes 
Fia. 4. Curve I, 0.1 ml. of rat muscle extract made to 2 ml. with Skellysolve plus 


10 ml. of iron-bipyridine reagent. Curve II, 0.1 ml. of rat muscle extract plus 0.1 ml. 
of sesame oil made to 2 ml. with Skellysolve plus 10 ml. of iron-bipyridine reagent. 


tained because the —log 7 value continues to increase for more than | 
hour (Curve I, Fig. 4). If, however, (Curve II) sufficient sesame oil is 
present in the reacting mixture, a maximum —log T is reached within 20 
minutes. Sesame oil was chosen for these experiments because it usually 
contains only negligible amounts of reducing substances. Although dif- 
ferent samples of the oil produce with the iron-bipyridine reagent different 
rates of color development for a given amount of tocopherol, or carotenes, 
the accuracy of the extrapolation method is not affected. 

With these facts in mind, correction for the carotenes present in the 
muscle extract could be made. The determination of the reductive power 
of carotenes in the absence and in the presence of various fats indicated that 








~~ 








er i 





ed to 
1g the 
at the 


ration 
it has 
cur if 


nuscle 
be ob- 


ye plus 
0.1 nl. 
rent. 


han | 
oil is 
hin 20 
h dif 


ferent 
tenes, 


in the 
power 
d that 











H. KAUNITZ AND J. J. BEAVER 211 
1 y of carotene is equivalent to 4.8 y of a-tocopherol; the factors varied 
from 4.4 to 5.0; since the reductive power of carotenes in a muscle extract 
does not exceed 10 per cent of the total, the error resulting for the toc- 
opherol from the variations of the carotene factors does not exceed 1 per 
cent. The total amount of carotenes in the muscle extract was determined 
by measuring the —log 7 value of the extract at 4400 A and reading the 
quantity from a standard curve. Thereafter, 4.8 times the micrograms of 
earotenes found are deducted from the total reductive power of the extract 
expressed in micrograms of tocopherol. 

A possible error of approximately 2 to 5 per cent is caused by the presence 
of the normal amounts of vitamin A in the extracts. This estimate is based 
upon the experimental fact that the reductive power of 1 1. v. of vitamin A 
was found to be equivalent to 0.24 + 0.02 y of a-tocopherol and that 1000 
gm. of muscle contain roughly 4000 1. u. of vitamin A. Since it was found 
that the antimony trichloride method for vitamin A in muscle extracts 
gave very erratic results, no correction for vitamin A was introduced. 


Effect of HCl in Extraction 


In experiments reported by Hines and Mattill (6), it was found that, after 
extraction of rat muscle with alcohol-Skellysolve, further extraction with 
alecohol-Skellysolve containing HCl brought about an additional yield of 
2 to 30 per cent of reducing substance, which they were inclined to believe 
may have been tocopherol. 

As can be seen in Fig. 1, the addition of HC! to the solvent resulted in a 
further extraction of reducing substance from human muscle, while Fig. 2 
shows no further yield from beef muscle under similar conditions. 

In these experiments, it was noted that additional reducing substances 
in the extracts occurred after acid hydrolysis only when a purplish discolor- 
ation developed, which was observed especially with rat muscle. Only 
the colored extracts gave increases up to 25 per cent of the total reducing 
substances, while the colorless extracts gave none. It therefore seems prob- 
able that these additional reducing substances are not tocopherol, and this 
assumption is supported by the fact that there is good agreement between 
Mason’s (7) bioassays on whole muscles and the values obtained by chemi- 
tal analysis of muscle extracts without acid hydrolysis (see below). 


Method 


Reagents— 
1. Skellysolve B. Purified by twice shaking with concentrated sulfuric 


acid, washing with water, 10 per cent NazCOs;, 4 times with water, drying 
over anhydrous Na.SO,, and distilling in an all-glass apparatus. A 2 ml. 
residue from 2 liters gave a —log T value of less than 0.002 with the iron- 
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bipyridine reagent when compared with 2 ml. taken from the solvent as 
used. 

2. Acetone. Baker’s or Merck’s reagent grade. 

3. Sesame oil. A sample kept in the laboratory for at least severg] 
weeks was used. 0.1 ml. of the oil made to 2 ml. with Skellysolve should 
have a —log T value of less than 0.002 with 10 ml. of the iron-bipyriding 
reagent. If the —log 7 value is higher, correction has to be made. 

4. Iron-bipyridine reagent, as recommended by Merck and Company to 
Devlin and Mattill (4). 250 mg. of FeCl;-6H,O (reagent grade) and 500 
mg. of a, a’-bipyridine are made to | liter with glacial acetic acid. 

5. Synthetic dl-a-tocopherol. 

Procedure—30 to 50 gm. of muscle, weighed to 0.2 gm., are emulsified 
with about 100 ml. of acetone in a Waring blendor for 6 minutes and 
washed into a centrifuge tube with an additional 350 ml. of acetone. 
Determinations can be made with 5 gm. of muscle but with a larger error, 
After 24 hours, the tube is centrifuged, the residue once more extracted 
with acetone, once with one-half acetone and one-half Skellysolve, and 
once with one-third acetone and two-thirds Skellysolve. The combined 
extracts are transferred to a 3 liter separatory funnel, and water is added 
until two distinct layers are formed. The Skellysolve phase is saved, the 
watery phase is twice extracted with 200 ml. of Skellysolve,and the combined 
Skellysolve extracts are washed three times with 500 mJ. of distilled water, 
centrifuged, and evaporated in an all-glass apparatus under reduced pres- 
sure in an atmosphere of nitrogen. The residue is washed into a 25 ml. 
flask with approximately 20 ml. of Skellysolve; 1 to 2 ml. of sesame oil 
(according to its color-depressing properties) is added and the volume made 
to 25 ml. with Skellysolve. The mixture should be slightly yellow and 
entirely clear. In rare instances, a brown, strongly reducing pigment is 
noted which interferes with the determination. The pigment can often 
be removed by washing the Skellysolve extract with a 2 per cent Na,C0; 
solution. 

For the carotene determination, the —log 7 value of the optically clear 
solution is determined in a Coleman universal spectrophotometer or in 4 
Beckman spectrophotometer with Skellysolve as blank at 4400 A. The 
concentration is read from a calibration curve.‘ 

Two standard solutions containing 40 to 50 and 80 to 100 y of synthetic 
dl-a-tocopherol per ml. of Skellysolve (determined to 1 y) are prepared. 

Aliquots of the muscle extract of 1 ml. each are pipetted into three test- 
tubes; to one of these is added 1 ml. of Skellysolve, and to each of the other 
two 1 ml. of the standard tocopherol solutions. To each test-tube are 


‘ We are indebted to Dr. Dorothy Andersen and Mrs. Helen Kennedy for a carotene 
calibration curve. 
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added 10 ml. of iron-bypyridine reagent; 2 ml. of Skellysolve containing 
the same amount of the same sesame oil as the unknown plus 10 ml. of 
jron-bipyridine reagent serve as a blank. The test-tubes are kept in the 
dark. Approximately every minute a —log T reading is taken, starting 
with the sample to which the higher tocopherol concentration was added. 
As soon as the maximum reading is reached, the second tocopherol-con- 
taining sample is examined, and finally the sample to which no tocopherol 
had been added. ‘This procedure is possible because it was found experi- 
mentally that the maximum reading appears fastest in the sample with the 
highest tocopherol concentration. The dilutions of the extracts should be 
such that none of the —log 7 readings exceeds 0.4. 








TaBLeE II 
Tocopherol Content of Skeletal Muscle (Chemical Analysis) , 
oie Oe | lee 

mg. me. 

Human 18 | Rat 17 
20 | 18 
21 | 18 
23 19 
24 | 21 
25 24 
29 29 
» | 
30 Cattle 20 
33 
48* 











*From a case of myasthenia gravis. 


The uncorrected value, z, for the number of micrograms of tocopherol 
per ml. of diluted extract is given by the expression z = (e,n)/(e:—e,) where 
«represents the —log 7' value of the unknown, eé, that of the unknown plus 
ny of tocopherol, and n the number of micrograms of tocopherol added. 


_ Foreach microgram of carotene per ml. of diluted extract, 4.8 is subtracted 


from the value for z. All results are finally computed on the basis of mg. 
of tocopherol per 1000 gm. of muscle. 

With different tocopherol additions and different extract concentrations, 
the maximum errors observed did not exceed +10 per cent. 


Results 


Muscles from humans, rats, and in one case from cattle, have been ex- 
amined (Table II). For the experiments on humans, the psoas muscle 
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was used as soon as possible after the death of the patient. No attention 
has so far been paid to the cause of death. The rats used had been kept on 
Rockland pellets throughout life. Any kind of skeletal muscle was used. 

The results indicate values considerably higher than those reported by 
Karrer, Jaeger, and Keller (8), who found 5.9 mg. per 1000 gm. of cattle 
muscle, and by Hines and Mattill (6), who reported 7.5 mg. of tocopherol 
per 1000 gm. of rat muscle. In both instances, filtration and saponification 
of the extracts had been performed and no bioassays were carried out by 
the authors. 

Bioassays—In order to check the above values, bioassays were carried 
out. Albino rats, whose ancestry had been kept for seven generations on 
an Evans-Burr diet, were mated, and they and their offspring were placed 
on the day of birth of a litter on a diet® consisting of lard 10 parts, casein 
(crude) 30 parts, cerelose 54 parts, celluration 2 parts, salt mixture’ 4 
parts, thiamine chloride 2 mg. per kilo, riboflavin 4 mg. per kilo, pyri- 
doxine 4 mg. per kilo, nicotinic acid 100 mg. per kilo, choline 1000 mg. per 
kilo, vitamin K 4 mg. per kilo, p-aminobenzoic acid 300 mg. per kilo, 
calcium pantothenate 10 mg. per kilo, and percomorph oil’ 0.2 ml. per kilo. 

The females were used for bioassays after they had reached a weight of 
170 gm. or more. They were left for 5 days with the male. Pregnancy 
occurred in 97 times out of 127 mating experiments in rats of below 6} 
months of age. In forty-three tests carried out when these rats were 6} 
to 8} months old, pregnancy was observed thirty-three times. Thereafter, 
the precentage of pregnancies declined considerably. Only rats of below 
64 months of age were used for the experiments reported in this paper. 
In the majority of the tests, the desired amount of tocopherol and a com- 
parable dose of muscle extract were fed to a pair of litter mates. 

Table III demonstrates the number of litters and of resorptions observed 
with different tocopherol supplements at different age levels. When the 
percentage of litters was plotted against the tocopherol supplement, the 
resulting curves suggested a “mean fertility dose’ of about 1.1 mg. of 
synthetic a-tocopherol for the younger group and about 1.3 mg. for the 
older ones. In view of the fact that the members of the older group had 
previously received doses of from 1 to 2 mg. of tocopherol, it was concluded 
that those previous supplements had no measurable effect on the sub- 
sequent tests. The results also indicated that the tocopherol requirements 


5 The diet used in these experiments was developed in cooperation with Dr. Charles 
Slanetz, Department of Animal Care, College of Physicians and Surgeons, Columbia 
University. We gratefully acknowledge his cooperation in the bioassay work. 

* Per cent composition: NaCl 4.35, MgSO, 13.70, NaH,PO, 8.72, K,HPO, 23.98, 
CaH,PO, 13.58, ferric citrate 2.97, Ca lactate 32.70. 

7 We are indebted to the Abbott Laboratories for the synthetic vitamins. 
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of the older group were not considerably higher than those of the younger 
group. It was therefore decided to combine the results of the two groups 





























TaB_e III 
Mating Experiments with Tocopherol-Deficient Female Rats at Different Ages 
Below 4 mos. 4-6} mos. 
@-Tocopherol supplement 
No. of resorptions | No. of litters No. of resorptions No. of litters 
még. 
0.0 ll 0 8 0 
0.5 6 0 2 0 
0.75 2 2 5 3 
1.0 4 4 3 2 
1.5 3 5 2 2 
2.0 2 5 
% litters 
60 
‘0 
70| 1e@ 
an 2@ 
wl 
3@ 
40 @ @10 
| 
30) 
20. 
10 L 
L, T ea T T Tr ae ag 
0 25 5 15 io «6125 0—COLS SO 


Mgs c tocopherol fed 


Fic. 5. Bioassays with graded doses of tocopherol. @ represents the results 
vith synthetic dl-a-tocopherol, © the results with muscle. The figures close to the 
symbols give the numbers of experiments at the respective levels. 


for comparison with the animals that had received muscle extract. The 
latter were proportionally of the same age as the controls. 
On the 5th day after mating had begun, the male was removed and 30 
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gm. of the experimental diet containing the tocopherol supplement wn | 


offered, which the rats finished in 2 to 3 days. Particular care was take 
that the cages were clean when the tocopherol-containing food was offered 
and that the rats had completely finished it before the subsequent feeding 
The weight of the animals was taken daily, beginning 15 days after mating | 





| 


| 


and they were examined daily for the presence of a vaginal plug. Only | 


when a vaginal plug was followed by a weight gain and then by weight log, 
was it taken as proved that resorption had occurred. The birth of a living 
litter surviving for at least 1 day was accepted as a positive result. 

For the bioassays of the muscle extracts, the tocopherol content of the 
extracts was calculated according to the chemical test. The extract was 
diluted with experimental diet, so that 30 gm. contained the desired amount 
of tocopherol. Otherwise, the animals were treated exactly as the controls 
that received synthetic dl-a-tocopherol. 

No “first litter fertility’ was observed (Fig. 5), and at least 2 months 
were allowed to elapse between tests on the same female; if a litter was 
born, the rat was not mated for 2 months after the birth of the young. 

Fig. 5 demonstrates the results of the bioassays. No litters were ob- 
served in eight pregnant rats with 0.5 mg. of synthetic dl-a-tocopherol, or 
in six that had received muscle extract supposedly containing 0.5 mg. of 
tocopherol. With 0.75, 1.0, 1.5, and 2.0 mg., the number of litters rox 
from 38 to 70 per cent. The results suggest a “mean fertility dose” of 
1.25 mg. of synthetic dl-a-tocopherol for this particular colony of rats. 

With muscle extract, the tocopherol content of which had been deter- 
mined by the chemical method, the results were found to be within +10 per 
cent of those obtained with synthetic dl-a-tocopherol. 


DISCUSSION 


Mason (7) used whole rat muscle as substrate for tocopherol bioassays. 
With 60 gm. of muscle of rats kept on dog chow, 50 per cent positive results 
were observed. 

In these experiments, the chemical analysis revealed values of 17 to # 
mg. of tocopherol per 1000 gm. of muscle; the bioassay indicated a “mean 
fertility dose” of 1.25 mg. of tocopherol, which suggests that 40 to 70 gm 
of muscle would yield 50 per cent positive responses. This is in good 
agreement with Mason’s findings, and it is an indication of the fact that 


complete extraction of the tocopherols is achieved without hydrolysis d | 


the tissue. 
The circumstance that the bioassays, for which synthetic dl-a-tocopherd 


had been used as standard, agree with the chemical analyses indicates that 
the bulk of the reducing substances in a Skellysolve extract of must, 
except for carotenes and vitamin A, is tocopherols and that the bulk of the 
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tocopherols consists of a-tocopherol. If any considerable amount of the 
8 or y form were present, no agreement between chemical and bioassay 
could be expected in view of the much lower biological activity of the 
latter.® 

The agreement between chemical and bioassay methods also suggests 
that the bulk of the a-tocopherol in the muscle is present in its free, not 
esterified form, because tocopherol esters would not react with the iron- 
bipyridine reagent. 


SUMMARY 


1. A chemical method for the determination of tocopherols in skeletal 
muscle is described. 

2. In human and rat muscle, 17 to 30 mg. of tocopherol per 1000 gm. of 
wet muscle were recovered. 

3. The chemical findings were checked by bioassays; agreement within 
+10 per cent between the two methods could be demonstrated. 

4. The conclusion seems permissible that the bulk of the reducing sub- 
stances in a Skellysolve extract of muscle consists, except for carotenes and 
vitamin A, of non-esterified a-tocopherol. 


We wish to thank Dr. Alwin M. Pappenheimer for his suggestions and 
his unceasing interest in this work, and Miss Ruth Ellen Johnson for 
technical assistance. 
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*Dr. P. L. Harris suggested a different explanation (9). Harris, Jensen, Joffe, and 
Mason have found that the biological activity of natural a-tocopherols is 50 per 
cent greater than that of the synthetic a-tocopherol. It is therefore possible that 
mixtures of natural a-tocopherol with the 8 and y forms could give the same effect 
% synthetic a-tocopherol. While this possibility cannot be ruled out at present, 
it does not seem probable that mixtures containing the 8 and y forms in any con- 
siderable amount would give agreement of the chemical and bioassay methods 
wed for these experiments. 
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Studies of intermediary metabolism by means of the isotopes of carbon 
require methods for the synthesis of compounds that contain the isotope 
ina known position of the carbon chain. It is possible to introduce isotopic 
carbon into a carboxyl group by the interaction of a Grignard compound 
with isotopic carbon dioxide. It is also possible to synthesize compounds 
via acetylene, with the isotope in two adjacent carbon atoms (1). How- 
ever, the introduction of the isotope into other positions requires methods 
not ordinarily used in organic syntheses. The problem is further compli- 
cated by the fact that isotopic carbon is available only in the form of carbon 
dioxide or of sodium cyanide. 

The present report describes a synthesis for acetic acid, with the isotope 
in the methyl group only (C*H;COOH; 2-C*-acetic acid), starting from 
sodium cyanide. Isotopic sodium cyanide is converted into zinc cyanide 
and condensed with phenol to yield p-hydroxybenzaldimine hydrochloride. 
The crude product is dissolved in concentrated hydrochloric acid and re- 
duced by amalgamated zine and hydrochloric acid. The resulting cresol 
isthen oxidized by chromic acid to yield acetic acid. By this procedure the 
carbon atom of the methyl group of the acetic acid is derived from that of 
the original cyanide, while the carbon atom of the carboxyl group is derived 
from one of the carbon atoms of the phenol. Isotope analyses of the acetic 
acid and of the products of decarboxylation of lithium acetate, i.e. acetone 
and carbon dioxide, confirm this, the acetone containing the calculated 
isotope content, about four-thirds of that of the acetic acid, while the car- 
bon dioxide contains no excess of isotope. 


EXPERIMENTAL 


p-Hydroxybenzaldimine Hydrochloride (2)—5.9 gm. of zine cyanide (3), 
9.1 gm. of potassium chloride (4), 13 gm. of phenol, and 130 cc. of dry ether 
are mixed in a 500 ec. 3-neck flask, equipped with inlet tube, stirrer, and 
reflux condenser with a drying tube. Under stirring, dried hydrogen 
chloride gas is introduced at a rapid rate. After a few minutes the zinc 
cyanide dissolves and after about 20 minutes a liquid separates which 
gradually solidifies. After about 1 hour the mixture is saturated with hy- 

219. 
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drogen chloride, which begins to appear at the outlet of the drying tube 


For 3 more hours hydrogen chloride gas is introduced at a reduced rate 
During this procedure, the reaction vessel should be protected from direet 
daylight. The precipitated crystals which consist mainly of p-hydroyy. 
benzaldimine hydrochloride and a small amount of o-hydroxybenzaldimine 
hydrochloride (2) are separated from the solution by decanting and ar 
washed three times with dry ether. 

p-Cresol (5)—60 gm. of amalgamated zine (mossy or turnings) and 120 ¢. 
of hydrochloric acid (1:1) are heated to boiling. The hydroxybenzaldimine 
hydrochlorides are dissolved in 60 cc. of concentrated hydrochloric acid and 
this solution added dropwise over | hour to the rapidly refluxing reducing 


mixture. After all of the solution has been added, the mixture is refluxed 


for 3 more hours. It is filtered through glass wool, diluted with 3 to 5 
volumes of water, and extracted several times with ether. The ether is 
evaporated to yield p-cresol, admixed with small amounts of o0-cresol, 
Yield, 8.2 gm. (75 per cent). 

Acetic Acid (6)—2 gm. of p-cresol are dissolved in 25 ec. of concentrated 
sulfuric acid and added to a mixture of 30 gm. of chromium trioxide dis 
solved in 25 ec. of water and 150 gm. of ice. After standing for 12 hours 
at room temperature, 75 cc. of concentrated sulfuric acid are added and the 
mixture refluxed for 3 hours. The acetic acid is separated from the reae- 
tion mixture by steam distillation. This requires about 1 hour. The dis- 
tillate is treated with an excess of silver carbonate, filtered hot, and the 
silver acetate is crystallized from the concentrated filtrate. The yield is 
50 to 70 per cent, as determined by titration of an aliquot with standard 
sodium hydroxide solution, before the addition of silver carbonate. 

Decarboxylation (7)—0.5 gm. of recrystallized silver acetate is dissolved 
in sufficient hot water and an equal molar amount of lithium bromide is 
added. The precipitated silver bromide is filtered off, the filtrate 
evaporated to dryness, and the residue dried over phosphorus pentoxide i 
vacuo. About 80 mg. of the lithium salt were heated in a stream of nitto- 
gen (8) to about 400° and the acetone distilling over condensed in a tube 
cooled by dry ice. The trap was then inserted into a micro combustion 
train and the carbon dioxide formed by combustion precipitated as barium 
carbonate from a concentrated barium hydroxide solution. The residual 
lithium carbonate in the decarboxylation vessel was dissolved in dilute 
hydrochloric acid and the carbon dioxide liberated swept by a nitrogen 
stream into concentrated barium hydroxide solution and also precipitated 
as barium carbonate. 

Isotope Distribution—In an experiment in which the sodium cyanide used 
as starting material contained an excess of 0.2 atom per cent C" the acetit 
acid prepared had an excess of 0.093 per cent C™, 7.e. 0.186 per cent excess 
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(¥in the methyl carbon. The carbon dioxide obtained by decarboxylation 
did not contain any excess C“ (+0.01 per cent; —0.012 per cent), while the 
acetone obtained contained an excess of 0.121 per cent C™, i.e. 0.183 per 
cent excess C in the methyl carbon in good agreement with the value ob- 
tained for acetic acid. 


The author is indebted to Dr. D. Rittenberg of the Department of Bio- 
chemistry, Columbia University, for the isotopic sodium cyanide and to 
Mr. I. Sucher, of the Department of Biochemistry, Columbia University, 
for the isotope analyses. : 


SUMMARY 
Acetic acid has been synthesized containing isotopic carbon in the methyl 


group only. 
The average yield of acetic acid based on the amount of sodium cyanide 
used as starting material is greater than 50 per cent. 
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NITROGEN METABOLISM IN PYRIDOXINE INSUFFICIENCY 


By WINTHROP W. HAWKINS, M. L. MacFARLAND, anv E. W. McHENRY 


(From the Department of Public Health Nutrition, School of Hygiene, University 
of Toronto, Toronto, Canada) 


(Received for publication, August 19, 1946) 


A relation of vitamin Bg compounds to protein metabolism appears to be 
established, although the precise mode of action is not yet known. In 
1941 McHenry and Gavin (1) reported that pyridoxine was necessary for 
the synthesis of fat from protein in rats and suggested that this vitamin 
was essential for the metabolism of protein. Cerecedo and Foy (2) found 
that pyridoxine deficiency in rats could be accelerated in onset and in- 
creased in severity by maintenance of the animals on a high protein diet. 
Proof of the relation of pyridoxine to protein metabolism has been obtained 
by the observations of Schlenk and Snell (3) and of Lichstein et al. (4) re- 
lating the vitamin to enzyme systems. Using another approach, Sure 
and Ford (5) reported inconclusive results from a study of nitrogen me- 
tabolism. This paper describes an investigation of the effects .of pyri- 
doxine depletion upon nitrogenous metabolites in rats and dogs. 


Studies on Rats 

Method—Albino rats of the Wistar strain, reared in the colony of the 
Connaught Medical Research Laboratories, were used. In part of the 
study rats with an initial weight of about 100 gm. were employed; in other 
cases the initial weight was approximately 135 gm. All rats were housed 
in individual screen bottom cages with water supplied ad libitum. A high 
protein diet containing vitamins A and D similar to that described by 
McHenry and Gavin (1) was used throughout. B vitamins were given 
by subcutaneous injection in the following amounts per rat per day: thia- 
mine chloride 25 y, riboflavin 25 y, niacin 100 y, calcium pantothenate 
100 y, choline chloride 10 mg. Control animals also received 40 y of 
pyridoxine hydrochloride per day. 

Blood was obtained from the exposed heart after the administration of 
nembutal. Blood constituents were determined by the following pro- 
cedures: urea, Barrett (6); amino nitrogen, Folin as modified by Danielson 
(7); uric acid, Benedict as described by Todd and Sanford (8); allantoin, 
Young et al. (9); creatine plus creatinine, Peters (10); total keto acid, Lu 
(11); non-protein nitrogen, by nesslerization of a trichloroacetic acid 
or tungstic acid filtrate after heating with sulfuric acid and hydrogen pe- 
roxide. All procedures, except that for amino nitrogen, were adapted so 
that a Coleman spectrophotometer could be used for color estimations. 
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Fasting Blood Levels of Protein Metabolites in Pyridoxine-Depleted ang 
Control Rats—Rats were maintained on the experimental regimen for 
3 to 5 weeks before removal of blood for analysis. In all cases depleted 
rats lost about 20 per cent in weight, while controls gained about the 
same amount. Determinations of uric acid and allantoin were made op 
one sample of blood, as was the case with urea and keto acids. Because 
of the quantity of blood required and the small amount available, it was 
necessary to use separate groups of rats for all other analyses. Every 
effort was made to have all groups comparable with regard to sex, body 
weight, and treatment. All animals were fasted 16 hours before with- 
drawal of blood. The results are shown in Table I. 


Taste I 
Average Content of Protein Metabolites in Rat Blood 











Control Pyridoxine-deprived 
Metabolite ———<—$____—_— 
oy Average and s.p. oy Average and s.p. 
mg. per cent mg. per cent 
Amino nitrogen 26 7140.3 | 32 | 74203 
Uric acid.... | 15 18+00 | 1B 1.7+0.4 
Allantoin.... 15 7.7403 | 13 | 7.62403 
Non-protein nitrogen ; | 40 52.541.06 | 3% | 61.542.0 
SPOS i ceeds ets 22 50.0 + 1.63 19 | §2.0+4.1 
Creatine + creatinine......... au 2640.13 | 13 | 3.6+40.2 
Total keto acids. .... | 13 1140.15 | 16 | 1.040.183 


| 











The only significant difference found between depleted and control rats 
was a higher level of urea (and consequently of non-protein nitrogen) in 
the depleted animals. No increases were observed in hemoglobin or in 
erythrocytes, indicating that hemoconcentration was not a factor. 

Changes in Blood Urea Levels after Test Dose of Amino Acids—Because 
of the apparent relation of pyridoxine to the level of blood urea, investi- 
gations were made of the effect of a test dose of amino acids upon the 
blood urea of control and depleted rats. Each rat received intr- 
peritoneally 60 mg. of nitrogen contained in 5 cc. of a 10 per cent solution 
of casein hydrolysate (amigen, kindly supplied gratis by Mead Johnson and 
Company). Groups of twenty-five to thirty rats were maintained on the 
same regimen as in Experiment 1, but the average initial weight was 
135 gm. After animals had been maintained thus for 3 weeks, they were 
fasted 16 hours, casein hydrolysate was administered, and at intervals 
groups of three to six animals were killed to obtain blood. Because sig- 
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nificant changes were observed in Experiment 1 only with regard to urea 
and non-protein nitrogen, analyses in Experiment 2 were limited to those 
constituents. Results are shown in Fig. 1. A duplicate experiment 
gave entirely comparable data. 

It will be observed from Fig. 1 that depleted rats showed a greater and 
more sustained increase in blood urea. No such change was observed in 
other depleted animals after an injection of the same volume of isotonic 





150 A non-protein nitrogen = ----- Control 
6 urea —— Deprived 
- C NPN-vrea 














iasese67te?*#e# &@ 8 RP 
Hours after Injection 


Fic. 1. Changes in urea and non-protein nitrogen in the blood of rats after a test 
dose of amino acids. 


saline, nor in normal animals maintained on a diet of fox chow (Toronto 
Elevators) after the administration of casein hydrolysate. 

In another experiment the load of amino acid nitrogen was supplied by 
injecting 5 cc. of 7.6 per cent dl-alanine in distilled water. Changes in 
blood urea in both control and depleted animals were entirely comparable 
to those found after the administration of casein hydrolysate. Con- 
sequently, these data are not included. 


Studies on Dogs 


More information was sought regarding the réle of pyridoxine in protein 
metabolism by studying the blood levels and the excretion of various me- 
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tabolites in dogs with and without the vitamin. The microcytic hypo 
chromic anemia, characteristic of pyridoxine insufficiency in dogs, was 
used as a criterion of depletion. Three dogs, two adult and one pup, were 
maintained on a diet with the following percentage composition: cageip 
42, sucrose 35, lard 9, corn oil 3, bone meal 2, salt mixture 2,' cod liver oil 
1, liver fraction 3, agar 3. The liver fraction was an alcohol-soluble mg. 
terial prepared in the Connaught Medical Research Laboratories. It was 
treated with Super Filtrol (Filtrol Corporation) to reduce the pyridoxine 
content from 40 to 1 y per cc. The total amount of pyridoxine in the 
diet was negligible. The following vitamin supplements were added 
daily to the diet of each dog: thiamine chloride 1.5 mg., riboflavin 1.5 mg, 
calcium pantothenate 6 mg., niacin 30 mg., choline chloride 750 mg., inositol 
1 gm. One adult dog also received 1.5 mg. of pyridoxine hydrochloride, 

Samples of urine and feces were collected for 3 day periods at intervals 
of about 2 weeks. Analyses were made on pooled material for each period 
with the following procedures: total nitrogen, macro-Kjeldahl; urea and 
ammonia in urine, Van Slyke and Cullen (12); amino nitrogen in urine, 
Folin as modified by Danielson (7); uric acid in urine, Benedict and Franke 
(13); allantoin in urine, Young and Conway (14); creatinine in urine, Folin 
(15). 

Samples of venous blood were withdrawn at different periods for hema- 
tological and chemical studies. Procedures used for metabolites were 
those listed for investigations with the rat. Hemoglobin was measured by 
the cyanmethemoglobin method of Collier (16). Hematocrit, erythrocyte 
counts, leucocyte counts and differentials, and reticulocyte estimations 
were accomplished by standard methods. 

The young dog deprived of pyridoxine developed only a mild anemia and 
difficulties were found in obtaining authentic samples of urine. Con- 
sequently, data from this dog are not included. The other dog not re 
ceiving pyridoxine developed a marked anemia which responded promptly 
to administration of the vitamin. 

To abbreviate the presentation of data, Table II has been restricted to 
significant findings. Data have been selected as characteristic of certain 
phases. These show a marked decrease in hemoglobin and hematocrit 
with a prompt recovery after pyridoxine hydrochloride was supplied 
in the 25th week at a level of 1.5 mg. per day. At no time were there any 
significant changes in blood composition. Coincident with the appearance 
of insufficiency, as indicated by anemia, there was a significant increase 
in the excretion of urea, ammonia, and uric acid. To economize in space, 
only three sets of values for the control dog are shown. While there was 
some variability in the quantities of metabolites, at no time did the control 


1 Salts 40 (Steenbock, H., and Nelson, E. M., J. Biol. Chem., 56, 362 (1923)). 
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animal show an anemia or a marked increase in the excretion of urea, 
ammonia, and uric acid. 
: DISCUSSION 

In the comparison between rats given pyridoxine and those deprived 
of this vitamin, maintained on a high protein diet, the significant changes 
in blood levels of metabolites were the increases in urea and in non-protein 
nitrogen in the deprived animals. Such increases might be due to in- 
creased catabolism of amino acids, to diminished excretion of urea, to 
blood concentration, or to a failure in anabolic processes involving trans- 
amination. The explanation of blood concentration is unlikely since there 
was no increase in hemoglobin or in several other constituents. The final 
explanation, a possible failure in transamination, is consistent with the 
observations of Snell et al. (3) and of Gunsalus et al. (4) relating pyridoxine 
to transaminase. 

In the case of rats deprived of pyridoxine and given loads of casein 
hydrolysate or of alanine, the sustained rise in urea would be expected 
from the first observations and was in harmony with the transaminase 
explanation of pyridoxine action. 

Data regarding urea excretion are not available from the rat studies. 
The pyridoxine-deprived dog showed a significant increase in urea excretion 
and, also, in the urinary content of ammonia, uric acid, and creatinine. 
Results of vitamin insufficiencies in two species are not always compar- 
able and, in this case, there are differences. The deprived rat showed an 
increase in blood urea, a change which was not seen in the dog, which did 
have an increased excretion of urea. It could be said that pyridoxine 
deprivation did not inhibit urea formation in either species. It is possible 
that urea was not normally excreted in the deprived rat but was in the dog, 
thus preventing an increase in blood urea. The data lead to the opinion 
that pyridoxine insufficiency causes an interference with nitrogen utiliza- 
tion but does not interfere with the formation of urea. This, again, may 
be concordant with the transaminase explanation of pyridoxine action. 

Observations on humans have not yet elicited definite signs of pyt- 
doxine deficiency. If pyridoxine functions in an essential enzyme system, 
signs of such deficiency might be anticipated. The present observations 
suggest that studies of nitrogen metabolites might provide signs of py- 
ridoxine insufficiency and that the use of a test load of amino acids might 
be advantageous in such studies. 


SUMMARY 


Deprivation of pyridoxine in rats fed a high protein diet caused an I- 
crease in the fasting blood levels of urea and of non-protein nitrogen. Ad 
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ministration of casein hydrolysate or of alanine to deprived rats caused a 
marked and sustained increase in blood urea. A dog deprived of pyri- 
doxine developed a microcytic, hypochromic anemia and showed an in- 
creased urinary output of urea, ammonia, uric acid, and creatinine. These 
observations are consistent with the transaminase explanation of pyridoxine 
action. They suggest signs of pyridoxine insufficiency which might be 
sought in man. 


This investigation was greatly aided by a grant from the Division of 
Natural Sciences of the Rockefeller Foundation. 
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THE COLORIMETRIC ESTIMATION OF PROTEINS IN 
VARIOUS BODY FLUIDS* 


By ANTHONY A. ALBANESE, VIRGINIA IRBY, ann BARBARA SAUR 


(From the Children’s Medical Service of Bellevue Hospital and the Department of 
Pediatrics, New York University College of Medicine, New York) 


(Received for publication, July 22, 1946) 


In undertaking a study of infantile nephrosis, we were confronted with 
the problem of having to determine the total protein content and albumin- 
globulin ratios of numerous specimens of blood, urine, and abdominal fluid. 
The commonly employed colorimetric (1) and nephelometric (2) methods 
yielded results in our hands which did not compare favorably with those of 
the time-consuming micro-Kjeldahl procedure. These circumstances led 
us to attempt the determination of the proteins in these body fluids in terms 
of arginine which can be determined directly in whole proteins by means of 
the Sakaguchi reaction (3). Our experiments disclosed that when alkaline 
solutions of the protein fractions, obtained by treatment of the specimens 
with trichloroacetic acid or sodium sulfate solutions of appropriate concen- 
tration, were submitted to the modified Sakaguchi reaction (4) arginine 
values were obtained which when factored gave protein figures closely ap- 
proximating those secured by the micro-Kjeldahl technique. The ease 
and rapidity of operation, high degree of accuracy, and diminished sample 
size required in the new procedure have prompted us to discard the Kjeldahl 
method for work of this nature. 

Reagents— 

Sodium hypochlorite. A 0.06 N solution was prepared as needed from the 
commercially available Clorox. The necessary dilution of the stock 
product was ascertained iodometrically as follows: To 1 ec. of Clorox in a 
125 ec. Erlenmeyer flask are added 25 cc. of chlorine-free water in which has 
been dissolved 1 gm. of KI. The mixture was then titrated with 0.1 N 
sodium thiosulfate, 1 cc. of starch indicator being used. The stock product 
has been found to be fairly stable for 3 to 4 months if kept in the refrigerator 
in a brown bottle. 

Sodium hydroxide. 10 per cent solution. 

Urea. 20 per cent solution. 

a-Naphthol. 100 mg. of the resublimed product are dissolved in 100 cc. 
of 95 per cent ethanol. The solution is kept in a brown bottle and stored 
in the refrigerator. 


*Aided by grants from the Rockefeller Foundation and the National Live Stock 
and Meat Board. 
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Arginine standard. 12.05 mg. of l(+)-arginine hydrochloride, Merck 
(26.6 per cent N found), are weighed accurately and dissolved in 100 ce, of 
a saturated aqueous solution of benzoic acid. 1 cc. of this solution is equi- 
valent to 100 y of the free base. This solution is stored in the refrigerator, 

Ether. Reagent grade can be used as obtained. 

Trichloroacetic acid. 5, 10, and 30 per cent solutions are required. 

Sodium sulfate, anhydrous. 22 and 44 per cent solutions are employed 
and are stored in a 37° incubator. 


Analytical Procedure 


Blood. Total Proteins—0.5 cc. of plasma was transferred to 10 ce. of 10 
per cent trichloroacetic acid in a 15 cc. centrifuge conical tube and after 
standing for 10 minutes at room temperature centrifuged at 3000 R.P.M. for 
10 minutes. The supernatant fluid was decanted into a 100 cc. Kjeldahl 
flask and treated in the customary manner for the determination of non- 
protein nitrogen by the micro-Kjeldahl method. The precipitated protein 
was washed by resuspension in 5 cc. of 5 per cent trichloroacetic acid, cen- 
trifugation, and decantation of the supernatant fluid. The washed protein 
was dissolved in 10 cc. of 10 per cent NaOH and | cc. aliquots were removed 
for the arginine determination. 

Globulin—0.5 cc. of plasma was added with mixing to 10 cc. of 22 per cent 
sodium sulfate in a 50 cc. round bottom, small neck centrifuge tube and 
incubated at 37° for 3 hours or more. At the end of the incubation period, 
3 ec. of ether were added and then the heterogeneous mixture was shaken 
vigorously and centrifuged for 15 minutes at 3000 r.p.m. The protein 
which collected at the ether-water interfaces was separated from both liquid 
layers by careful decantation. The protein cake was washed by resuspen- 
sion in 10 cc. of 22 per cent sodium sulfate and 3 cc. of ether, centrifugation, 
and decantation of the liquids as described before. The remaining protein 
disk was dissolved in 10 ce. of 10 per cent NaOH and 1 cc. aliquots removed 
for the arginine determination. Gentle heating of the mixture in a hot 
water bath drives off the residual ether and thereby greatly facilitates solu- 
tion of the protein. 

When only limited amounts of the sample are available, the total protein 
and globulin determinations can be performed on 0.1 and 0.2 ce. of blood 
plasma in 15 cc. centrifuge tubes respectively by a proportionate decrease of 
all the reagents. Owing to the low non-protein nitrogen content of the 
trichloroacetic acid filtrates, this component is determined as follows in the 
micro adaptation of the method. After digestion of the supernatant fluid 
has been completed, 5 cc. of 0.01 N ammonium sulfate are added to 
the sample in order to increase the quantity of N to the range of maximum 
sensitivity of the micro-Kjeldahl determination. An identical quantity of 
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ammonium sulfate is in a blank control determination. Distillation and 
subsequent boric acid titration of the distilled ammonia are carried out 
according to the procedure of Meeker and Wagner (5). The non-protein 
N of the sample is then estimated by the difference between the plasma 
sample and (NH,).SO, blank readings. 

Urine and Ascitic Fluid. Total Proteins—24 hour specimens of urine 
from nephrotic patients were collected in 2 liter bottles containing 3 cc. of 
10 per cent alcoholic thymol. The abdominal fluid was derived by para- 
centesis and like the urine preserved with alcoholic thymol. To 5 cc. of 
urine or ascitic fluid in 15 ec. centrifuge tubes were added 2 cc. of 30 per 
cent trichloroacetic acid with vigorous mixing. After 10 minutes, the tubes 
were centrifuged for 10 minutes at 3000 r.p.m. The supernatant fluids were 
discarded by cautious decantation and the precipitated proteins washed by 
resuspension in 5 cc. of 5 per cent trichloroacetic acid and another centrifu- 
gation. The protein fractions were dissolved in 5 cc. of 10 per cent NaOH 
and 1 cc. aliquots removed for the arginine determination. In the critical 
stages of the disease, both of these body fluids may contain large quantities 
of proteins and, in order to bring the colorimetric reading within the proper 
range, it becomes necessary to make a further dilution (usually 1:5) of the 
protein solution with 10 per cent NaOH. 

Globulin—10 ec. of urine or abdominal fluid were incubated for 3 hours 
or more at 37° with 10 cc. of 44 per cent sodium sulfate contained in a 50 cc. 
round bottom, narrow neck centrifuge tube. At the end of this time, 3 cc. 
of ether were added to each tube and mixed with vigorous shaking. The 
globulin component was separated by centrifugation and decantation and 
then washed by a repetition of these steps after resuspension in 10 ec. of 22 
per cent sodium sulfate and 3 cc. of ether. The resulting globulin frac- 
tion was dissolved in 10 cc. of 10 per cent NaOH. 

Colorimetric Determination of Arginine in Whole Proteins—To the 1 cc. 
aliquots of the alkaline solutions of the proteins obtained from the body 
fluids are added 5 cc. of water and 1 cc. of a-naphthol reagent with vigorous 
mixing. After 5 minutes, add 1 cc. of diluted Clorox and exactly 1 minute 
later add 2 cc. of 20 per cent urea solution. The reaction mixture is al- 
lowed to stand for 5 minutes before reading in the Klett-Summerson 
colorimeter with Filter S-54. A 1 ec. aliquot of the standard and reagent 
blank is run in parallel with the determination. 

Caleulations—After the colorimeter is set at 0 for the reagent blank, the 
arginine present in the protein samples is estimated by comparison with the 
value of the arginine standard. The protein equivalent is obtained by mul- 
tiplying the arginine values by 19.2, a factor derived from the observed 
mean arginine content (5.2 per cent) of albumin and globulin of these 
body fluids (6). The albumin content is estimated by difference of the total 
protein and globulin figures. 
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Results 


A linear relationship of color intensity to the amount of protein in the 
sample under the reaction conditions described is indicated by tests per. 
formed on varying quantities of an alkaline solution of a purified urinary 
globulin, prepared in this laboratory by repeated recrystallization and elec. 
trodialysis, which on analysis contained 12.97 per cent N, 0.49 per cent ash, 
and 5.08 per cent moisture (Fig. 1). This observation recommends the 
color reaction as performed for analytical purposes. It is also obvious from 
this that solutions of pure globulin or albumin may be used as standards, 
but, since these are hard to prepare and difficult to keep, we have therefore 
preferred to employ an arginine standard. 
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Fic. 1. Relation of color intensity of the Sakaguchi reaction to the amount of 
purified urinary globulin. Each area represents the average value of five or more 
determinations performed at 20-25°. 


Typical results obtained by submitting aliquots of the same protein solu- 
tions derived from the fractionation of various blood, urine, and ascitie 
fluid samples to the colorimetric and micro-Kjeldahl methods are shown in 
Table I. The close agreement of the figures obtained by the two methods 
affirms the use of the factor 19.2, which was based on the values in the litera- 
ture, for arginine in albumin and globulin of the blood, nephrotic urine, and 
abdominal fluids. Conversely, these data suggest that the arginine contents 
of these proteins are quite similar, a deduction supported by the results of 
amino acid analysis of the highly purified protein preparations which we have 
isolated from these body fluids and which will be reported subsequently. 

The limited quantity of blood which is often obtainable from infants 
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under study led us to attempt the estimation of the proteins on smaller 
amounts of plasma than are usually employed. These experiments showed 
that a minimum of 0.1 and 0.2 cc. of plasma was required for the estimation 
of the total proteins and globulins with an accuracy comparable to that of 
0.5ce.runs. Theaccord of data obtained on samples which were submitted 


TABLE I 


Comparison of Results of Protein Analysis of Various Body Fluids Obtained by 
Micro-Kjeldahl and Arginine Colorimetric Methods 
























































| Micro-Kjeldah! method Arginine method 
Protein = N X 6.25 Protein = arginine X 19.2 
— Total | A:G | Total A:G Oy 
peor min | lin | "ate | pee | “min | ulin | "aN 
gm. gm. em. gm. gm. gm. 
per | per | per per | per | per 
cent cent cent cent cent cent 
Normal adult | Al 6.55) 4.64) 1.91) 2.43) 6.60) 4.68) 1.92) 2.44/—0.01 
plasmas Ha | 5.86) 4.07) 1.79) 2.27] 5.90) 4.06) 1.84) 2.21/+0.06 
| Ag 6.50} 4.27) 2.24) 1.91] 6.52) 4.24) 2.28) 1.86/+0.05 
| Al Micro adaptation* 6.48) 4.58) 1.90) 2.41/+0.02 
Ha 5.82) 3.98] 1.84) 2.16/+0.11 
Ag 6.50) 4.24) 2.26) 1.88/+-0.08 

Plasma from | Do, female, | 4.42) 1.21) 3.21) 0.38) 4.53) 1.24) 3.29 0.38) 0.00 
nephrotic | 4 yrs. 
children To, male, 2 | 4.29) 1.74) 2.55) 0.68) 4.35) 1.70) 2.65) 0.64/+0.04 

| yrs. 
| Sa, female, 3 | 3.69] 1.07] 2.62/ 0.40} 3.70) 0.99) 2.71] 0.36|+0.04 
yrs. 

4 hr. urine | Do, 1300 ce. 1.57| 0.96 0.61) 1.57) 1.59) 0.97) 0.62) 1.56)+0.01 
from nephro-| To, 1600 “ 0.61) 0.42) 0.19) 2.21) 0.61) 0.42) 0.19) 2.21; 0.00 
tic children | Sa, 1300 “ | 0.88| 0.65] 0.23] 2.83] 0.86| 0.63] 0.23] 2.78|+0.05 

Ascitie fluid | Do, 4600 “| 0.10) 0.05} 0.05) 1.00) 0.11) 0.06} 0.05) 1.20|—0.20 
from nephro-| To, 6000 ‘ | 0.24) 0.11) 0.13) 0.85) 0.24) 0.12) 0.12 1.00) —0.15 
tic children | Sa, 3800 “ | 0.18) 0.11 0.07; 1.57} 0.18} 0.11) 0.07 1.57) 0.00 











*0.1 and 0.2 ec. aliquots of the above plasma were used for total protein and globu- 
lin determinations, respectively. 


to the macro- and microcolorimetric and micro-Kjeldahl techniques indi- 
cates the analytical suitability of the micro modification. 

A statistical examination of the results on the various protein fractions 
reveals that the average difference between the albumin-globulin ratios 
derived by the arginine and micro-Kjeldahl methods is about 2 per cent. 


Comments 


Our experiences with the two colorimetric procedures employing the 
phenol reagent or the sulfosalicylic acid reagent disclosed that the ease and 
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rapidity of operation embodied in these methods entailed too great a sacri- 
fice in accuracy to warrant their adoption except for purely comparative 
purposes. We, too, as have others before us (7), found the results of blood 
protein analysis by these techniques to show a variation of 10 per cent or 
more from the values obtained by the micro-Kjeldahl method. We have 
found that the differences in data secured by these colorimetric techniques 
and the micro-Kjeldahl method were as great as 50 per cent for the proteins 
of urine and ascitic fluid. These discrepancies are to be contrasted with the 
2 per cent variation for all the reported protein fractions between the 
arginine and micro-Kjeldahl techniques. 

The cause of the greater accuracy of the arginine method compared with 
the other methods arises from the apparently uniform arginine content of 
these proteins as contrasted to their variability in dispersion characteristics 
and tyrosine content. Our inability to obtain suitable data with the sulfo- 
salicylic acid procedure evidently arose from differences in dispersion be- 
havior of albumin and globulin, since we later observed that widely diver- 
gent optical density values were given by solutions containing identical 
amounts of purified albumin and globulin. The inherent errors of the 
tyrosine procedure can be readily realized when it is noted that the equiva- 
lents reported range from 12.9 to 27.5 mg. of albumin and 15.8 mg. of globu- 
lin per mg. of tyrosine (8). It is apparent therefore that in terms of hetero- 
geneous proteins of variable composition the results can only be considered 
valuable for relative comparison. Other variations may be caused by the 
presence in proteins of factors other than tyrosine which will give colors 
with the phenol reagent (9). 


SUMMARY 


A colorimetric method for the estimation of total proteins and albumin- 
globulin ratios of plasma, nephrotic urine, and abdominal fluid by the Saka- 
guchi reaction has been described which has an accuracy comparable to the 
micro-Kjeldahl method. The high sensitivity of the test permits a deter- 
mination of these protein components on 0.3 cc. of human plasma and 
recommends the procedure for use in pediatric studies. 


We wish to thank Dr. Selma E. Snyderman for securing the blood speci- 
mens reported in this work. 
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THE CONVERSION OF CITRULLINE TO ARGININE 
(TRANSIMINATION) BY TISSUE SLICES 
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The conversion of citrulline to arginine by a transimination reaction 
involving glutamic acid and metabolically related compounds has been 
reported to take place in kidney slices by Borsook and Dubnoff (1). These 
authors found that liver slices did not catalyze the reaction and further 
that the breakdown of cell structure of kidney tissue, such as by homogeni- 
zation, resulted in a loss of activity. 

In the course of an investigation on the mechanism of urea synthesis in 
liver, some evidence for the transimination reaction was obtained in 
homogenates fortified with adenosine triphosphate (ATP), magnesium 
ions, and cytochrome c. These findings, which are reported in a separate 
publication (2), led to a study of the transimination reaction in kidney 
and other tissue homogenates. Experiments reported in this paper deal 
with (1) the conditions required for demonstrating the transimination 
reaction in tissue homogenates and (2) the relative rates of this reaction 
in slices and homogenates of kidney and liver. 


EXPERIMENTAL 
Preparation of Tissues 


Slices—Livers and kidneys of adult white rats were removed shortly after 
the animals had been decapitated, bled, and chilled on ice, and the slices 
were cut immediately thereafter. For liver studies, three slices, totaling 
approximately 12 to 15 mg. in dry weight, were used in each flask. In 
kidney studies, two slices, approximately 7 to 10 mg. in dry weight, were 
used. 

Homogenates—Tissues were removed from adult, rats treated in the same 
manner as described above, and chilled on ice before being cut into small 
pieces to facilitate homogenization. Homogenization was carried out in 
the apparatus of Potter and Elvehjem (3). The cold homogenate, after 
straining through four layers of cheese-cloth, was added to Warburg flasks 
containing cold medium and substrates. All operations were carried out in 
4l°cold room to insure maintenance of low temperatures. The homogenate 


*Supported in part by a grant from the Wisconsin Alumni Research Foundation. 
239 




















240 CONVERSION OF CITRULLINE TO ARGININE 


which was prepared with 2 volumes of buffer (0.0128 m sodium Phosphate, 
pH 7.4, 0.123 m sodium chloride, 0.005 m potassium chloride, 0.0033 y 
magnesium sulfate) was diluted to the final tissue concentration desired, 
Liver homogenates, representing 10 to 15 per cent wet weight, were found to 
contain 2 to 3 mg. of N per ml.; 20 to 25 per cent kidney homogenate eop. 
tained 4 to 5 mg. of N per ml. Aliquots of the homogenates were taken for 
analysis of the total nitrogen, on which basis the results are expressed, 

A representative homogenate of liver tissue was examined for cytolysis, 
Macroscopically, it was an opaque homogeneous preparation containing no 
visibly large particles. A portion of the homogenate was centrifuged and 
the centrifugate, which represented 10 to 15 per cent of the total volume, 
was fixed with 10 per cent formaldehyde, embedded in paraffin, sectioned, 
and stained. Histological examination revealed an occasional clump of 
cells. It was estimated that about 5 per cent of the homogenate consisted 
of unruptured cells. 

Potter (4) has suggested that the preparation of tissue homogenate in 
water increases the degree of cytolysis. When this was done and the water 
homogenate was compared with a buffer homogenate, it was found that the 
water preparation had 75 per cent of the activity of the buffer homogenate 
for liver and about 85 per cent for kidney. It is possible that the lower 
activity of the water homogenates was due toa delay in restoring the iso- 
tonicity of the medium. 


Incubation 


All incubations were carried out in Warburg flasks at 38° for a period of 
40 minutes, unless otherwise specified. All flasks were charged with pure 
tank oxygen just prior to introduction into the bath. For anaerobic exper- 
iments tank nitrogen was used with an oxygen-carbon dioxide-absorbing 
mixture of Van Slyke (5) in the center wells of the flasks. 


Substrates and Cofactors 


Tissue Slice Experiments—Each flask contained the following components 
in the main compartment: dl-citrulline, glutamic acid or other imino group 
donor, and tissue slices in a total volume of 3.5 ml. made up with buffer, pH 
7.4 (see “Homogenates” under “Preparation of tissues”). At the end d 
the incubation period, the slices were removed, rinsed in water, and placed 
in tared cups for drying and weighing. The contents of the flasks were 
then analyzed for either urea or arginine or both, as described under 
“Analytical methods.” 

Homogenate Experiments—Incubation mixtures consisted of dl-citrulline, 
glutamic acid, ATP, cytochrome c, homogenate and buffer, pH 7.4, to make 
a final volume of 3.0 or 3.5 ml., as indicated. In most experiments with 














d of 
pure 


per- 
ving 


ents 
oup 


d of 


vere 


ine, 


vith 





P. P. COHEN AND M. HAYANO 241 


liver homogenates, 3 to 10 units of purified calf liver arginase were added 
tothe incubation mixture to insure complete conversion of arginine to urea. 
However, control experiments indicated no need for the arginase addition. 
At the end of the incubation period, the contents of the flasks were analyzed 
for either urea or arginine or both. Liver incubation mixtures were always 
analyzed for urea, and arginine when specified. On the assumption that 
the urea formed by liver preparations was derived from a quantitative 
hydrolysis of the arginine formed, the results are presented as mg. 
@ arginine formed. Kidney incubation mixtures were always analyzed 
for arginine, and occasionally for urea, as indicated. 

Preparations U'sed—The dl-citrulline used throughout this study was 
obtained from the Amino Acid Manufactures, University of California, 
Los Angeles. 

I(+)-glutamic acid was a commercial preparation. 

ATP was prepared from rabbit muscle following magnesium and bar- 
biturate anesthesia (6). This preparation was 79 per cent pure on the 
basis of its easily hydrolyzed phosphorus (7 minutes at 100° in 1 n HCl). 

Cytochrome c was prepared by the method of Keilin and Hartree (7). 

(+)-Ornithine hydrochloride was prepared according to Hunter (8). 

Glutamine was obtained from Dr. H. B. Vickery, and cozymase (80 
percent pure) from Dr. G. A. LePage. The authors are indebted to these 
investigators for these generous gifts. 

a-Ketoglutaric acid was prepared by synthesis from ethyl oxalate and 
ethyl succinate. 

Succinamic acid was prepared by the hydrolysis of succinimide. 

Arginase was prepared by the method of Hunter and Downs (9). 


Analytical Methods 


Determination of Urea—Urea was determined by the method of Krebs 
and Henseleit (10), with a 1 per cent solution of purified urease (The 
Arlington Chemical Company). Solutions obtained from slices were 


| brought to pH 5.0 with 0.3 ml. of 3 m acetate buffer, and the urea content 


determined manometrically. Solutions from homogenates were centri- 
fuged after the addition of the acetate buffer to remove the precipitated 
protein, and an aliquot of the clear supernatant was taken for the urea 
determination. 

Determination of Arginine—All solutions with or without prior urease 
Weatment were treated with 1 ml. of 10 per cent trichloroacetic acid, 
centrifuged, and an aliquot taken from the clear supernatant. The 
method employed was essentially that of Dubnoff (11). Samples for color- 
imetric analysis were prepared as follows: Toa 1 ml. aliquot of the depro- 
teinized incubation mixture were added 9 ml. of distilled water and 1 ml. 
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of the naphthol-urea reagent, followed by 0.5 ml. of sodium hypobromite 
solution. For the blank, 10 ml. of distilled water plus the reagents wer 
used. 


Results 


Effect of ATP—The requirements of ATP by liver and kidney ho. 
mogenates are shown in Fig. 1. In the absence of ATP only a negligible 
amount of arginine was formed. This was particularly noticeable in styd- 
ies with liver, in which almost a maximum activity was seen at one-half 
the ATP concentration (8 X 10-* m) required for a maximum response 
with kidney homogenate. However, even with increased amounts of ATP 
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Fic. 1. Effect of adenosine triphosphate concentration on transimination by liver 
and kidney homogenates. Tissue concentration per flask: liver 1.586 mg. of N; 
kidney 1.572 mg. of N. Substrate concentrations are the same as those given under 
Fig. 2 for liver homogenate. 


the synthesis by kidney of arginine did not at any time exceed 40 per cent 
of the activity of liver. 

Effect of Magnesium Ions—When increasing concentrations of magnesium 
ions were used with liver homogenate, a maximum activity was noted at 
about 3 X 10-*m concentration (Table I). Stoner and Green (12) have 
reported that magnesium ions inhibit the deamination and dephosphoryls- 
tion of ATP. This in all probability is the basis for the activation noted 
in the present experiments. Magnesium ions in optimum concentration 
were used throughout the experiments. The effect of magnesium ions 02 
kidney homogenate was not investigated. 

Effect of Cytochrome c—Cytochrome c was included throughout the study, 
although evidence for its requirement has not been consistent. In expet- 

















at 1] 
liver 
com 


Liver 
Co 





hite 
vere 


ho- 
ible 
ud- 


TP 


iver 


der 


ent 


at 
ave 
la- 


100 


erl- 








P. P. COHEN AND M. HAYANO 243 


ments where stimulation has been noted, this has been as high as 100 per 
cent. Borsook and Dubnoff (1) have indicated that cytochrome c plays a 
rile in the oxidation of the hypothetical citrulline-glutamie acid 
intermediate. 

Comparison of Kidney Slices and Homogenate—Fig. 2 shows the relative 
rates of arginine formation by kidney slices and homogenate. The data 
obtained with kidney slices confirm Borsook and Dubnoff’s findings (1). 
These investigators found approximately 0.027 mg. of arginine produced 
per mg. of dry weight of tissue per hour, or, on the basis of 12.63 per cent 
nitrogen (determined experimentally) in dry kidney tissue, 0.216 mg. of 
arginine per mg. of tissue nitrogen per hour. In the present experiments, 
yalues of the order of 0.265 mg. of arginine were found at the end of 1 hour 
incubation. Attempts to demonstrate arginine formation in kidney ho- 


TABLE I 
Activation of Liver Homogenate by Magnesium Ions 
Volume 3 ml.; tissue concentration per flask 0.986 mg. of N. Substrate and co- 
factor final concentration as follows: dl-citrulline 6.7 X 10-* m, glutamic acid 6.7 X 
i m, cytochrome c 4.75 X 10~* M, adenosine triphosphate 1.0 X 10~* mM; activated 
arginase 3 units. The changes in magnesium ion concentrations are balanced by 
sodium ions. 








Magnesium ion concentration | Arginine formed per mg. tissue N 
mg. 
3.33 X 10-4 M 0.1113 
1.33 X 10-3 ** 0.1305 
1 Xt ae 0.1780 
6.67 X 10-2 “ | 0.0673 


1.00 X 107 * 0.0708 








mogenate brought to light a system only about 40 per cent as active as that 
in intact slices. This systein, however, showed a greater specificity as to 
the source of the imino group donator, namely glutamic acid, and a depend- 
ence on the presence of ATP. 

Comparison of Liver Slices and Homogenate—In contrast to kidney slices 
and homogenate, liver homogenate was found to contain an unusually 
active system having about 80 per cent greater activity than kidney slices 
at | hour, and a 500 per cent greater activity than kidney homogenate and 
liver slices. The requirements of the liver homogenate for the necessary 
tomponents, ATP (Fig. 1), citrulline (Fig. 3), and glutamic acid (Fig. 4), 
were of much smaller magnitude than that required by kidney homogenate. 
liver slices, on the other hand, showed a very low activity. 

Comparison of Liver and Kidney Preparations. Ozxygen—The require- 
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ment of the transimination system for oxygen as first shown with kidney 
slices by Borsook and Dubnoff (1) has been confirmed in the present 
studies. Under an anaerobic atmosphere, neither slices nor homogen. 
ates of both_liver and kidney synthesized arginine. 
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Fia. 2. Comparison of the rates of transimination by different tissue preparations, 
Tissue concentration per flask: liver homogenate 1.46 mg. of N; liver slices 15 to 20 mg. 
dry weight; kidney homogenate 1.38 mg. of N; kidney slices 7 to 9 mg. dry weight. 
Substrate and cofactor final concentration as follows: liver homogenate and slices, 
dl-citrulline and glutamic acid, each at 5.72 X 10-* M, adenosine triphosphate 8.57 
X 10-*m, cytochrome c 4.72 X 10-*m; following variations employed with kidney slices 
and homogenate: homogenate, adenosine triphosphate 1.14 K 107? m; slices, glutamic 
acid 8.57 X 107? M. 
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Fic. 3. Effect of citrulline concentration on transimination by liver and kidney 
homogenates. Tissue concentration per flask: liver 1.461 mg. of N, kidney 1.572 mg. 
of N. Substrate concentration is the same as that given under Fig. 2 for liver 
homogenate. dl-Citrulline was used as the substrate in twice the concentration given 
as the /(+) form on the abscissa. 


Citrulline—The relative utilization of citrulline by both liver and kidney 
homogenates is shown in Fig.3. Without citrulline no appreciable amounts 
of arginine were formed. The optimum citrulline concentration for kidney 
was found to be approximately 6 X 10-* m. In the case of liver a rapid 
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rise in arginine formation resulted from an increase in citrulline concentra- 
tion to approximately 1.5 X 107% mM; beyond this point the synthesis of 
arginine was less strikingly influencec: by the citrulline concentration. At 
optimum concentrations of citrulline for both kidney and liver homogenates, 
the former had only 40 per cent of the activity of the latter. 
Transimination with Compo inds Similar to Glutamic Acid—Borsook and 
Dubnoff (1) found that kidney slices showed a considerable utilization of 
compounds metabolically related to glutamic acid. Glutamine and aspar- 
tie acid were equally as effective as glutamic acid, and asparagine, gluta- 
‘hione, lysine, proline, and ornithine about half as effective. It was found 
in the present study with homogenates that substrate specificity was more 
limited (Table II). Thus with both homogenates glutamine was the only 


TABLE II 


Percentage Transimination with Compounds Related to Glutamic Acid in Liver 
and Kidney Homogenates 


Glutamic acid taken as 100 per cent. 








Substance in addition to citrulline Kidney, relative rate Liver, relative rate 
"ER sear pee ae 100.0 100.0 
Glutamine...... eae 84.5 71.9 
I oa einen ine sail nn DRM UM yore wie 15.8 22.8 
Ye ee err ert cree 23.2 19.0 
a-Ketoglutaric acid + ammonium chloride... 19.4 5.8 
Ammonium chloride......................... 0.0 7.3 
aoa su Kath a cereale nceidRveteiom 2.2 0.0 
ese ha. sys arsis' cee ase iiks Se oh ae bees 19.1 
| ee Ape re 27.5 
Lactic acid + ammonium chloride........... 2.5 











compound other than glutamic acid showing an appreciable effect. The 
activity of glutamine was to be expected in view of the active glutaminase 
system in both tissues. Aspartic acid and asparagine were less than one- 
fourth as active as glutamic acid. The failure in the utilization of ammo- 
nium chloride by kidney homogenate is in agreement with the work on slices. 
In contrast to liver slices, liver homogenate failed to utilize ammonium 
chloride (7.3 per cent as effective as glutamic acid), which appears to be 
metabolized more rapidly than glutamic acid in the synthesis of urea by 
slices (2). a-Ketoglutaric acid plus ammonium chloride showed only 20 
per cent the activity of glutamic acid with kidney homogenates. Borsook 
and Dubnoff found a 46 to 80 per cent activity with this combination with 
kidney slices. Liver homogenate was less efficient than kidney with these 
substrates. Ornithine, which was 42 per cent as active as glutamic acid in 
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kidney slices, yielded no arginine with either kidney or liver homogenates, 
Apparently the mechanism for converting ornithine and other potential 
imino group donators to glutamic acid (13) is lost when kidney tissue jg 
homogenized. Succinamic acid with liver homogenate showed a relative 
effectiveness of 27.5 per cent. The basis for the activity of this compound 
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homogenate. 
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Fia. 5. Effect of tissue concentration on transimination by liver and kidney homog- 
enates. The substrate concentrations are the same as those given under Fig. 2 
for liver homogenate. 


other than by metabolic conversion to an a-amino compound is obscure. 
Lactic acid and ammonium chloride, reported by Krebs and Henseleit (10) 
to increase the amount of urea (or arginine) produced by liver slices over 
that of ammonium chloride used alone, was ineffective with homogenate. 

Glutamic Acid—The requirements for glutamic acid by the two tissue 
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homogenates are shown in Fig. 4. Increasing the glutamic acid concentra- 
tion beyond 3 X 10-* M resulted in no further increase in arginine formation 
py the liver, while kidney evidently required a concentration greater than 
12X 10-*m. Even at this concentration, however, the activity of kidney 
was only one-third of that observed in liver. 

Cofactors—The possibility of necessary cofactors was investigated. A 
boiled aqueous rat liver extract was added to the system without any 
significant effect. Pyridoxal and pyridoxamine were also tried with 
negative results. The addition of coenzyme I resulted in some stimulation 
with low tissue concentrations. 

Tissue Concentration—Increasing the amounts of tissue (Fig. 5) brought 
about a remarkable increase in arginine formation by liver, which was not 
paralleled by kidney. With a higher level of liver tissue per cup, the blank 


TaBLeE III 
Arginine Formation by Different Tissue Homogenates 
The substrate and cofactor final concentration are the same as in Table IV. 





Urea equivalents | 





| 
Sean 8 P expressed as eiteien tata 
| ° + rea Tme Tr a e 
Tissue Tissue N per flask mg. elenue x py Gabe | per mag. thames N 
| am om 
| column 
a | (I) am) | av) | vy) 
mg. microliters | mg. mg. 
Liver... 2.750 60.5 0.471 0.011 
ee 2.686 4.01 0.031 | 0.091 
Heart... onsl 1.497 0.69 0.005 0.013 
0 ES ee 3.465 —0.04 0.0 | 0.0 
= aa 1.810 —0.41 0.0 0.017 





values rose proportionately. At a tissue level of 1 to 1.5 mg. of N per 
flask, however, blank values were practically zero, and consequently this 
level was used throughout the study. With kidney homogenates, on the 
other hand, increasing the tissue concentration resulted in no striking 
increases in arginine synthesis. Activity at a level of 4 mg. of tissue N per 
flask was only about 10 per cent that of liver. 

Arginine Formation by Various Rat Tissue Homogenates—Data from 
Table III indicate that liver and kidney homogenates were the only tissues 
showing any appreciable arginine formation from citrulline and glutamic 
acid. Both urea and arginine were determined in all instances. The 
relative arginase activities of different tissues have been reported to be as 
follows (10) : liver 2000, kidney 67, testes and heart 0. It would be expected 
that any arginine formed by liver would be rapidly and quantitatively 
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converted to urea. This was borne out in the present experiment in which 





it is to be noted that whereas 60.5 microliters of urea (corresponding to 
0.471 mg. of arginine) were found, the amount of arginine present was | 
negligible. With kidney homogenate, on the other hand, arginine accumy. | 
lated as such, only a small portion being converted to urea. | 
Effect of Inhibitors—Inhibition by cyanide and arsenite at a final 
concentration of 0.001 mM was reported by Borsook and Dubnoff to be 
about 95 per cent complete in the case of kidney slices (1). With liver 
homogenate cyanide and arsenite inhibited 86 and 99 per cent respec. 
tively (Table IV). Fluoride and iodoacetate have been reported to | 
inhibit the regeneration of ATP and phosphorylation mechanisms (14), 
The inhibition observed in the present study (fluoride 98 per cent, iodoace- 
tate 74 per cent) might be explainable on this basis. While inhibition by 


Taste IV 
Effect of Inhibitors on Liver Homogenate | 


Tissue concentration per flask, 1.573 mg. of N. Substrate and cofactor final con- 
centration as follows: dl-citrulline 5.72 X 10-* m; glutamic acid 5.72 X 107? M; eyto- 
chrome c 4.75 X 10~* M; adenosine triphosphate 8.58 X 10-4 m. 














Inhibitors | ee Per cent inhibition | 

I I on. sc ma cae wlbeaelnis | 0.001 | 99.3 
“i Se 0.01 98.4 
SN cs diexaes« patente 0.0057 90.2 
Potassium cyanide......... eee 0.001 85.8 
Sodium iodoacetate............ ais eine 0.01 74.4 
s a kos eaters - 0.001 23.8 
ES ee Foe 0.001 | 90.0 





malonate at lower concentrations of the order of 0.001 m has been ascribed 
to inhibition of succinoxidase activity, concentrations of 0.01 m and higher 
are thought to influence other systems. The mechanism of malonate 
inhibition in the transimination system reported here is not apparent. 
Inhibition of the cytochrome system by azide has been described by Keilin 
and Hartree (15), who reported its action as being less complete than that 
with cyanide. The transimination system in this study showed 24 per 
cent inhibition with azide, and 86 per cent with cyanide. 

In addition to the inhibitors named above, calcium ions were also found to 
inhibit the system. This inhibition was not relieved by the addition of | 
0.001 m magnesium ions over that already present in the buffer nor by a2 
increase in ATP concentration to 1.7 X 10-* M. 
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DISCUSSION 

It appears from these results that the transimination reaction is in some 
manner intimately associated with a high energy phosphate donator sys- 
tem. At least the system is active in the presence of ATP when cells are 
disrupted. This effect is more striking in the case of liver which actually 
shows @ more active transimination system with homogenates than with 
dices. On the other hand, kidney homogenates, while active, never equaled 
slices in their transimination activity. This may be accounted for in part 
by the possibility that the optimum conditions which were established in 
the case of liver were not optimum when applied to kidney homogenates. 
Thus it is possible that components other than, or in addition to, those 
found active in the case of liver are necessary for kidney. In addition, the 
presence of more active phosphatases in kidney preparations as compared 
with liver may also be responsible for the lower activity on the basis of 
more rapid ATP breakdown. 

The significance of the transimination reaction in kidney as a mechanism 
for arginine synthesis has been pointed out by Borsook and Dubnoff (1). 
As pointed out by Krebs (16), this reaction may account for a significant 
amount of urea synthesis by transfer of arginine formed by transimination 
in the kidney to the liver, where it would be broken down to ornithine and 
urea by arginase. 

The most striking finding of the present experiments, however, is that 
liver homogenates are capable of carrying out the transimination reaction 
at an extremely rapid rate even exceeding that of kidney slices. 
The importance of this reaction in urea synthesis by liver is apparent. The 
details of this reaction in liver are discussed in a separate publication (2). 

It would appear from the present study that the transimination reaction 
is limited chiefly to liver and kidney. Apparently, only the lack of a highly 
active arginase system in kidney prevents that organ from contributing a 
significant amount of urea to the total metabolic urea of the body. 


SUMMARY 


1. The conversion of citrulline to arginine by transimination with 
gutamic acid in kidney slices and homogenates was studied. The relative 
activity of the reaction by these preparations was as follows: liver ho- 
mogenate > kidney slices > kidney homogenate > liver slices. 

2. Homogenized tissue preparations of liver and kidney required the 
following substrates and cofactors: adenosine triphosphate, citrulline, 
gutamic acid, cytochrome c, magnesium ions, and an oxygen atmosphere. 
liver in every case required smaller concentrations of the substrates and 
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showed a greater activity than kidney homogenate. The significance o 
these findings is discussed. 


3. Aside from glutamic acid, glutamine was the only compound showing 


any appreciable activity in the transimination system. 


4. Brain, testes, and heart homogenates showed no transimination 


activity. 


oun whe 
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UREA SYNTHESIS BY LIVER HOMOGENATES* 
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(Received for publication, July 26, 1946) 
The Krebs-Henseleit theory (1) of urea synthesis (see the modified 


scheme below) has received support from the later work of Krebs (2, 3), of 
Gornall and Hunter (4), and from isotope studies (5-8). 


(I) 








Ornithine +00, + NE > citrulline 
(ID a glutamic acid < NH; 
(IID 
arginine 
| + HOH 


Urea 


The synthesis of citrulline from ornithine and arginine from citrulline has 
heretofore been associated only with intact liver cells. In the course of 
studies on the mechanism of the conversion of citrulline to arginine, a 
highly active system was found in liver homogenate capable of forming 
wea in the presence of glutamic acid, adenosine triphosphate (ATP), 
cytochrome c, an oxygen atmosphere, and magnesium ions. 

The obvious similarity of the substrates, citrulline and glutamic acid, to 
that required for the transimination system found by Borsook and Dubnoff 
(9) in kidney slices led us to a general study of this reaction in rat tissue 
slices and homogenates (10). The rédle of glutamic acid as the imino group 
donor to arginine was shown to be very specific, not replaceable by other 
similar compounds (except glutamine) or by ammonium chloride. In 
previous work (11), it was reported that liver slices synthesized urea to a 
limited extent only from citrulline and glutamic acid, more readily from 


| mmonium chloride, and to a considerable extent when both ammonium 
chloride and glutamic acid were provided. In the present paper, data will 





be presented which demonstrate in liver the presence of a potent trans- 
imination system which in all prebability is the mechanism by which citrul- 
line is converted to arginine in the urea cycle. 


Procedures 


Incubation of Liver Slices and Homogenates—The detailed procedures 
iollowed for experiments with liver slices and homogenates have been pre- 
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viously described (10). Minor changes were made in the incubation 
systems employing slices. Warburg flasks with side arms were used for 
both incubation and urea determination. Each flask contained glucose, 
dl-citrulline, and Krebs-Ringer-phosphate buffer, pH 7.4, in the main com. 
partment. The side arm contained either ammonium chloride or glutamic 
acid or both. The final volume in the flasks was either 3.5 or 3.9 ml, as 
indicated. 20 per cent aqueous potassium hydroxide was used in the center 
well. 

Oxygen Uptake Determinations—F or oxygen uptake determinations, the 
incubation mixtures were prepared as described. All flasks were charged 
with pure tank oxygen prior to introduction into the bath. 20 per cent 
aqueous potassium hydroxide was used in the center wells. 

Determination of Urea—Urea was determined manometrically with a 
purified urease preparation by the method of Krebs and Henseleit (1), 

Determination of Citrulline—Citrulline was determined in aliquots after 
urea decomposition with a purified urease prepared according to the method 
of Archibald and Hamilton (12). After the analysis for urea, the contents 
of the flasks were deproteinized with 1 ml. of 10 per cent trichloroacetic 
acid, centrifuged, and an aliquot of the clear supernatant taken for the 
analysis of citrulline by the colorimetric method of Archibald (13). It was 
found that these aliquots contained very little chromogenic material other 
than citrulline, and consequently the Amberlite blank was omitted. 

Determination of Glutamic Acid—Glutamic acid was determined mano- 
metrically on an aliquot of the incubated sample brought to pH 5.0 with 
3 Mm acetate buffer, with a lyophilized preparation of Escherichia coli. The 
authors are indebted to Dr. R. H. Burris for a generous supply of this 
preparation. 

Determination of a-Ketoglutaric Acid—a-Ketoglutaric acid was deter- 
mined according to the method of Krebs (14). 


Results 


Urea Synthesis by Liver Homogenate—The formation of urea from 
citrulline through arginine by transimination with glutamic acid was shown 
to occur at an unusually high rate as compared with slices (10). Compara- 
tive rates of urea synthesis from glutamic acid, ammonium chloride, or both 
are shown in Fig. 1. The amount of urea formed in the presence of glutamic 
acid by homogenate exceeded that formed from other substrate combina- 
tions with both homogenates and slices. The maximum amount of urea 
formed with glutamic acid occurred after 60 minutes. The failure of 
homogenate after 1 hour may have been due to a depletion of ATP or the 
coenzymes. With ammonium chloride and glutamic acid, the urea formed 
in the first 20 to 30 minutes was almost equal to that formed by glutamic 
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gcid alone; however, after this time the rate was not maintained. In all 
ility, this effect is related to the toxic effect of ammonium ions, 
which would accumulate during the early incubation period. This system 
isapparently sensitive not only to increases in ammonium ions but also to 
a-ketoglutaric acid (Table I). 
Urea Synthesis by Liver Slices—Krebs (1) found that urea was formed 
more rapidly when glutamic acid or lactic acid and ammonium chloride, 
rather than ammonium chloride alone, was present in the incubation mix- 
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Fic. 1. Relative rates of urea synthesis with different substrates by liver homog- 
enate and slices. Substrate and cofactor final concentration are as follows: Slices, 
glucose, ammonium chloride, glutamic acid, each at 1.54 X 10-* Mm, dl-citrulline 3.08 
X 10-* m; tissue dry weights 12 to 17 mg. Homogenates, dl-citrulline and glutamic 
acid, each at 5.72 X 10-° a, cytochrome c 4.72 X 10-* m, adenosine triphosphate 8.57 
X 10-*; tissue concentration per flask 1.46 mg. of N. Final flask volumes as follows: 
slices 3.9 ml., homogenates 3.5 ml. A represents NH,Cl, and glutamic acid; 0 repre- 
sents NH,Cl; and O glutamic acid. 


ture. This observation has been confirmed in the present study as regards 
glutamic acid (Fig. 1). Urea synthesis from citrulline proceeded more 
rapidly when both glutamic acid and ammonium chloride were present in 
the medium. Ammonium chloride alone yielded only about 50 per cent as 
much urea at the end of a 2 hour incubation period, while glutamic acid 
alone gave rise to only 15 per cent. 

Comparison of Optimum Systems of Slices and Homogenates—On a mg. of 
tissue N basis with optimum systems of slices and homogenates, the urea 
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formed by homogenate from glutamic acid and citrulline was more thay 
twice that of the optimum system (citrulline plus glutamic acid plus am. 
monium chloride) for slices (Fig. 1). It was found that by increasing the 
tissue concentration in homogenate studies to 2.5 to 3.0 mg. of N per flask 
the reaction would go to completion within 2 hours. Tissue slices at the 
rate shown on Fig. 1 would take more than 5 hours. 

Comparison of Utilization of Substrates by Homogenates and Slices—Singe 
measurements of the disappearance of glutamic acid in experiments with 
slices revealed that only 1 per cent disappeared in 1 hour, one-half of which 
was accounted for as urea, it would indicate that slices are unable to utilize 
glutamic acid in the system investigated to any appreciable extent. In al] 
probability, the limiting factor is the inability of glutamic acid to diffug 


TABLE | 
Inhibition of Urea Synthesis in Homogenates by Ammonium Chloride 
and a-Ketoglutaric Acid 

Volume 3.5 ml. Substrate and cofactor final concentration as follows: Group A, 
dl-citrulline 342 X 10-* m, glutamic acid 1.43 X 10 M, adenosine triphosphate 
(ATP) 1.14 X 10-* M, cytochrome ¢c 4.72 X 10~* M, tissue concentration 1.087 mg. of 
N. Group B, dl-citrulline 5.72 X 10~* m, glutamic acid 5.72 X 10-' M, cytochrome ¢ 
4.72 X 10-* m, ATP 8.57 X 10‘ M, tissue concentration 1.482 mg. of N. 











Group | Inhibitor added, final moiarity Urea formed per mg. tissue N 
3 eee microliters 
A. Ammonium chloride 0.0 37.45 
0.00715 35.90 
| 0.0143 | 33.30 
0.0286 23.68 
B. a-Ketoglutaric acid 0.0 | 42.40 
0.01142 | 13.31 











through the liver cell wall at a sufficiently rapid rate. In order to evaluate | 


this possibility, experiments were set up in which the oxygen uptake of 
liver slices and homogenates were compared in the presence of the same 
substrates in concentrations found to be optimum for urea synthesis. 
Liver has been known to contain the most active glutamic acid dehydro- 
genase system of all the tissues studied (15). The relative rates of oxidation 
of glutamic acid and related substrates in experiments with slices and ho- 
mogenates would be expected to be a measure of the diffusibility of the 
glutamic acid through the cell wall of the slices. Homogenates welt 
fortified with all the known necessary cofactors. Since the oxygen uptakes 
are expressed on a tissue nitrogen basis, it would be assumed that the po 
tential enzyme activity of the two preparations on this basis would be equal. 
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Any differences in the activity of the two systems would, therefore, in all 
probability be due to either the limiting rate of diffusion into the liver 
slices or the inadequate fortification of the homogenate. As seen from 
Figs. 2 and 3, the rate of oxygen consumption of the homogenate systems is 
of the order of 6 times greater in the case of glutamic acid than for slices. 
It should also be noted that the slices had a final glutamic acid concen- 
tration 2.5 times greater than that used with homogenates. These results 
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Fic. 2. Relative rates of oxygen uptake with different substrates by liver homog- 
enate. Volume 3.5ml. Tissue concentration per flask 2.5mg.of N. Substrate and 
cofactor final concentration as follows: dl-citrulline, glutamic acid, glutamine and 
ammonium chloride, each at 5.72 X 10-?m, adenosine triphosphate 8.58 X 10-‘M, 
eytochrome c 4.72 X 10-* m, cozymase (coenzyme I) 8.46 X 107? M, nicotinamide 8.2 
X 10° a. 


can mean only that the inability of liver slices to utilize glutamic acid for 
either oxidation or transimination is due to the relatively poor diffusibility 
of thiscompound. The somewhat greater urea-synthesizing activity of the 
combination of glutamic acid plus ammonia with slices than the additive 
activities of the two compounds separately may be due to either (1) an 
effect of the ammonium ion on the diffusibility of glutamic acid into the cell 
or (2) the probability that ammonia is utilized in Step I by a reaction not 
involving glutamic acid as an intermediate. The experiments on oxygen 
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consumption of slices and homogenates do not support the first suggestion 
but neither do they exclude this possibility. The second suggestion could 
explain why the combination of glutamic acid plus ammonia, or glutamine, 
would provide optimum amounis of substrate for Steps and II. Glutamic 
acid alone diffuses into the liver slice too slowly to provide an adequate 
concentration of either ammonia or glutamic acid for Steps I and II re. 
spectively, and thus yields little urea. On the other hand, ammoniym 
chloride would be expected to provide an adequate concentration of am- 
monium ions for synthesis of intermediates for Step I and also to give rise to 
glutamic acid through the glutamic dehydrogenase system. Findings of 
experiments in which isotopic ammonia was used lend support to the latter 
possibility (8). The high activity of glutamine in urea synthesis with 
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Fic. 3. Relative rates of oxygen uptake with different substrates by liver slices. 
Volume 3.5 ml. Tissue dry weights 21 to 24mg. Substrate and cofactor final con- 
centration as follows: glucose, glutamic acid, glutamine and ammonium chloride 
1.43 X 107? m, dl-citrulline 2.86 K 107° m. 


slices is in all probability due to its hydrolysis to glutamic acid and am- 
monia, the optimum substrate combination for slices. The fact that 
glutamine is more active in liver slices from fasted animals than ammo- 
nium chloride suggests that fasted liver lacks the necessary substrates for 
the sufficiently rapid synthesis of glutamic acid from a-ketoglutarie acid 
and added ammonia, and thus Step II of the cycle is the limiting reaction. 

The failure of ammonia to react in the homogenate system is in all 
probability due to the fact that conditions for glutamic acid synthesis from 
ammonia were not optimum. Although the oxygen consumption experi- 
ments (Figs. 2 and 3) show a somewhat lower oxygen uptake in the case of 
glutamic acid plus ammonia in homogenate as compared with glutamic 
acid alone, this may be due to the inhibitory effect of ammonium ions 
(Table I) on the glutamic dehydrogenase system (15). 
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Balance Studies—Additional evidence that the formation of arginine 
from citrulline by homogenates involves the transimination reaction of 
Borsook and Dubnoff (9) is that the glutamic acid and citrulline disap- 
pearance can be accounted for mole for mole in the formation of urea. 
Thus, the ratio obtained of urea formed to glutamic acid and citrulline 
disappearance was 1:1.21:0.93 (Table II). The high value for glutamic 
acid is undoubtedly due to the fact that it is oxidized readily in the homoge- 
nate system (Fig. 2). The failure to find any accumulation of a-keto- 
glutaric acid in this system may be due either to its ready oxidation or to 
the possibility that this compound is not an end-product of the reaction. 

Conversion of Ornithine to Citrulline by Homogenate—A system including 
ornithine plus glutamic acid or ammonium chloride, or both, in the presence 
of a carbon dioxide-bicarbonate buffer was investigated as to its activity in 
catalyzing Step I (see the accompanying scheme) of the urea cycle. No 
urea synthesis with this system occurred indicating that the factors re- 
quired for Step II were inadequate for Step I. 


TaBLe II 
Balance Study of Components of Transimination Reaction 


Volume 3.6 ml. Tissue concentration per flask 1.822 mg. of N. Substrate and 
cofactor final concentration as follows: di-citrulline 4.95 X 10-° m, glutamic acid 
491 X 10-* M, cytochrome c 4.62 X 10~* M, adenosine triphosphate 1.11 X 107? m, 
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DISCUSSION 


With the exception of the hydrolytic conversion of arginine to urea and 
ornithine by arginase, our knowledge of the enzymatic steps in the urea 
eyele is obscure. Since the over-all process is an endergonic one, the 
synthetic steps in the cycle must be coupled with energy-yielding systems. 
The findings presented in this paper offer strong evidence in support of the 
coupling of one step (Step II) in this cycle with adenosine triphosphate, 
and thus establish at least one pathway for coupling the endergonic urea 
cycle with exergonic oxidation-reduction systems. 

The inability of the system catalyzing Step II to convert ornithine to 
titrulline (Step I) under the conditions employed indicates that Step I is a 
more complex reaction and probably involves at least two independent 
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reactions, as previously suggested by Srb and Horowitz (16) and Krebs 
(17). A study of this phase of the cycle is at present under investigation, 

The mechanism of the transimination reaction has been considered jp 
some detail by Borsook and Dubnoff (9) who were led by the evidence 
available to postulate an intermediate addition compound of citrulline 
plus glutamic acid with the subsequent dehydrogenation of the inter. 
mediate and the formation of arginine and a-ketoglutaric acid (or some 
related compound). The data from the present investigation bear direetly 
on the mechanism of the reaction only in so far as they establish the fact 
that 1 mole of arginine (or urea) is formed for every mole of glutamic acid 
and citrulline which disappears, and further that in confirmation of Borsook 
and Dubnoff’s findings some suitable hydrogen acceptor must be present. 
The high activity of the homogenate system, however, provides a more 
satisfactory system for studying the transimination reaction in detail, and 
this is at present being done. 

Finally, it should be pointed out that from the findings of the present 
paper it would appear that glutamic acid is an obligatory intermediate in 
the conversion of citrulline to arginine (Step II) in the urea cycle. This 
may resolve the somewhat different views held on certain aspects of the 
urea cycle by Leuthardt (18-20) and Bach (21). 


SUMMARY 


1. The conversion of citrulline to arginine by transimination with glu- 
tamic acid has been demonstrated to occur in rat liver homogenates fortified 
with adenosine triphosphate, cytochrome c, and magnesium ions. 

2. Glutamic acid appears to be an obligatory intermediate in the intro- 
duction of ammonia at the citrulline — arginine step of the urea cycle. 

3. The synthesis of urea from glutamic acid, glutamic acid plus ammonia, 
and ammonia by liver slices and homogenates has been studied and the 


findings discussed. 
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The dynamic state of the amino acids in tissues makes the direct study 
of peptide bond synthesis difficult. For this reason, we sought a model 
reaction that would be free from this objection. Borsook and Dubnoff (1) 
have suggested that the formation of hippuric acid closely resembles, from 
both chemical and thermodynamic standpoints, the synthesis of peptides. 
Even with their improved methods, analytical difficulties would make a 
study of this reaction tedious. We have chosen to study the formation of 
the analogue, p-aminohippuric acid since we were able to develop a reason- 
ably accurate analytical method for its determination. 

The production of p-aminohippuric acid (PAH) has further interest 
because p-aminobenzoic acid (PAB) has not only been reported as a con- 
stituent of natural peptides (2, 3) but is generally distributed in a difficultly 
hydrolyzable form in native proteins (4, 5) suggestive of peptide linkages. 
PAB and PAH have the further advantage of low toxicity (6, 7). 

This study was designed to explore the kinetics and optimum conditions 
of the formation of PAH from PAB and glycine by rat liver slices. 


Analytical 


The method developed for the determination of PAH depends upon the 
differential extraction of PAB from PAH by ether, and subsequent colori- 
metric analysis by a modification of the method of Bratton and Marshall, 

which has been shown to be valid for PAH and PAB (8, 9). Smith e¢ al. 
_ had previously reported in abstract (10) a separation with ethylene dichlo- 
tide, but details were not available to us at the time this study was initiated. 

Briefly, the protein in the sample is precipitated with trichloroacetic acid, 
the sample is neutralized and diluted to a convenient range, buffered to pH 
3.95, extracted twice with ether, extracted with benzene to remove the ether, 
and then analyzed. 

Preparation of Sample—1 ml. of a solution containing from 50 to 1500 y 
per ml. of total PAB-PAH (all PAH weights in this paper will be in terms 
of the equivalent amount of PAB) is added to 4.0 ml. of 0.200 n trichloroa- 
tetic acid. The precipitated proteins are centrifuged off, and 2.0 ml. of 


“Aided in part by a grant from the Wisconsin Alumni Research Foundation. 
261 














262 PEPTIDE BOND SYNTHESIS. I 


the supernatant are added to 3.1 ml. of 0.100 Nn NaOH. Sufficient distilleg 
water is added to bring the total PAB-PAH concentration down to less than 
15 y per ml. (8 to 10 y per ml. are desirable). 

An appropriate aliquot of the order of 1 ml. is accurately measured into 
a colorimeter tube for total analysis. 

Extraction of PAB—1 ml. of a buffer, pH 3.95 (made by adding 0.1 y 
citric acid to 0.2 m disodium phosphate to the correct pH), is added to 29 


TaBLe [| 
Extraction of p-Aminobenzoic Acid (PAB) and p-Aminohippuric Acid (PAH) under 
Various Conditions 
Total volume of all samples brought to 3.0 ml. after the addition of 1 ml. of pH 
3.95 citrate-phosphate buffer. 











Conditions of extraction PAB added PAH added Total not extracted 
Y Y 7 per cent 
(a) Extracted twice for 10 min. | 1026 17.0 1.6 
with 15 ml. ether 684 11.0 1.6 
171 3.0 1.7 
85 1.4 1.6 
68 | 57.0 | 84 
34 | (4 738 
3.4 | 3.3 | 
(b) Extracted twice for 5 min. 68 | .6 80 
with 15 ml. ether | 68 | 55.2 | 8l 
68 4.6 80 
(c) Same as (b) with additional 68 58.2 86 
2 min. extraction with 15 ml. 68 58.2 86 
benzene 68 58.8 87 
(d) Extracted twice for 5 min. 68 12 1.8 
with 10 ml. ether; once for 2 68 1.3 1.9 
min. with 15 ml. benzene 68 12 | 1.8 
| 68 : @2° °° 
68 61.8 | 91 
68 | 61.8 91 





ml. of the diluted and neutralized sample in a 60 ml. bottle fitted with a cork 
and a short length of glass tubing. 10 ml. of ether, freshly distilled from 
stannous chloride, are added and the bottle is stoppered and shaken for 4 
minutes on a mechanical shaker at 200 oscillations per minute with a 44 
em. throw at the top of the bottles. The ether is aspirated off with the aid 
of a capillary tip until the underlying aqueous phase begins to come over 
(about 1 ml. of ether remaining). 10 additional ml. of ether are added, and 
the shaking and aspiration repeated. 15 ml. of benzene are added, and 
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shaking is continued for 2 minutes. 2 ml. of the aqueous phase are pipetted 
into a colorimeter tube for PAH analysis. 

A more efficient extraction removes a relatively high and variable amount 
of PAH (Table I, (a)). The additional extraction by benzene raises the 
analyses for PAH by the amount to be predicted from the solubility of ether 
in water (Table I, (6) and (c)). These and experiments with less efficient 
conditions led to the adoption of the method used (Table I, (d)), in which an 
optimum balance is attained between the extraction of the PAB and PAH. 

Table II shows the recovery of PAH over a wide range of PAB concen- 
trations in which the percentage of PAH is from 5 to 75 per cent of the total 
PAB-PAH. These and many subsequent determinations in the course of 
our studies demonstrate that the method has at least 5 per cent accuracy 
over the range of concentrations we use. When the amount of PAH ex- 


Taste II 


Test of Accuracy over Range of Relative Concentrations of p-Aminobenzoic Acid (PAB) 
and p-Aminohippuric Acid (PAH) 

All samples brought to a total volume of 3.0 ml. after the addition of 1 ml. of pH 
3.95 citrate-phosphate buffer, extracted twice with 10 ml. of ether for 5 minutes and 
once with 15 ml. of benzene for 2 minutes. PAH found calculated on basis of 2 per 
cent PAB and 91 per cent PAH not extracted. All weights are in terms of PAB. 








added PAH added Total unextracted PAH found 

v Y 7 7 per cent 
65.0 3.4 4.5 3.5 103 
51.0 17.0 16.8 17.4 102 
4.0 | 34.0 31.8 34.3 101 
17.0 51.0 46.8 51.1 100 











ceeds 30 per cent of the total PAB-PAH present, the error is not over 2 
per cent. 

Colorimetric Analysis—The total volume of the solutions in the colori- 
meter tubes is brought to 10 ml. with 0.1 N HCl. 1 ml. of each of the follow- 
ing solutions is added at 3 minute intervals with shaking: (1) 0.1 per cent 
cP. sodium nitrite, (2) 0.5 per cent ammonium sulfamate, (3) 0.1 per cent 
N-(l-naphthyl)ethylenediamine dihydrochloride. After 10 minutes the 
solutions are compared against a reagent blank in a spectrophotometer at 
540 mu, and the amounts (as PAB) determined from a calibration curve. 

Calculations—Since the analysis after the extraction represents 2 per cent 
of the PAB and 91 per cent of the PAH (Table I, (d)) in the sample, and 
the total PAB-PAH is known by analysis, the true amount of PAH may be 
obtained by this equation. 
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(total after extraction) — 0.02(total before extraction) 
0.89 





PAH 


We have found it convenient to construct a three-dimensional chart, with 
the total before extraction in the aliquot analyzed for PAH as horizontal 
coordinates, the true PAH as vertical coordinates, and the total after extrac. 
tion as a set of coordinates at a slight angle from the vertical. Both the 
total analysis and the PAH must be multiplied by the appropriate dilution 
factors to obtain the concentration in the original sample. 

A set of fifteen determinations can be completed within 2 hours. 


Procedure 


All experiments except the large scale isolation studies were run in War. 
burg flasks at 38°. The gas phase was pure oxygen unless otherwise stated, 
KOH solution was added to the center wells. All media were made by 
adding isotonic neutral solutions of the substrates to phosphate-buffered 
Krebs’ Ringer’s solution, and 4 ml. of medium were used per flask. Rat 
tissues were used for all experiments. The flasks were chilled on ire before 
addition of the tissue slices. After completion of an experiment, the tissue 
slices were rinsed in water, blotted, and placed in tared cups for drying and 
weighing. 

The PAB used was a commercial product, taken up in hot alcohol, de 
colorized with norit, and recrystallized from an alcohol-water mixture, form- 
ing long white needles. The PAH was generously supplied by Dr. Karl 
Beyer of Sharp and Dohme, Inc., and was a white powder melting sharply 
at 198.5°, chromogenically equivalent to the PAB. Commercial cv. 
glycine was used. 


Results 


Concentration of PAB—The amount of PAH per mg. of dry liver produced 
in 4 hours in the presence of 0.01 m glycine rose linearly with increasing PAB 
concentration up to about 0.001 m and then leveled rapidly (Fig. 1). In 
other experiments not shown we could demonstrate no significantly greater 
production beyond 0.0025 mo. 

Concentration of Glycine—Increasing the glycine concentration beyond 
0.003 m did not greatly increase the formation of PAH from 0.001 solution 
of PAB in 4 hours (Fig. 2). However, we used 0.01 m glycine solutions in 
our experiments to insure that it was not the limiting factor for the reaction. 
It is interesting to note that in the absence of added glycine 2.6 y of PAH 
were produced per mg. of dried liver, indicating that at least 1.4 of endoge- 
nous glycine were available per mg. of dry weight. This amount of glycine 
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js of the same order as that found to be available for the production of 
gycocyamine from added arginine (11). 

Amount of Tissue—Up to a dry weight of tissue of 20 mg. in 4 ml. of 
medium, 0.00094 m to PAB and 0.01 M to glycine, the amount of PAH pro- 
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Fig. 1 Fie. 2 


Fie. 1. p-Aminohippuric acid produced per mg. of dry weight of rat liver with 
increasing p-aminobenzoic acid concentrations. 22 to 42 mg. of dry weight of tissue 
in4ml. of medium, 0.01 m to glycine. Incubated 4 hours at 38° under 100 per cent Oz. 

Fic. 2. p-Aminohippurie acid produced per mg. of dry weight of rat liver with 
increasing glycine concentrations. 22 to 39 mg. of dry weight of tissue in 4 ml. of 
medium, 0.001 m to p-aminobenzoic acid. Incubated 4 hours at 38° under 100 per 
cent Os. 
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Fie. 3. Production of p-aminohippuric acid by increasing amounts of rat liver 
slices. 4ml. of medium, 0.01 m to glycine, containing 516 y of p-aminobenzoic acid 
(0.00094), per flask. Incubated 4 hours at 38° under 100 per cent Ox. 


dueed per mg. of tissue in 4 hours was constant (Fig. 3). With greater 
weights, the efficiency markedly fell off until 40 mg. of dry weight produced 
only 9.25 y of PAH per mg. of tissue, while 20 mg. of dry weight produced 
12.7 y per mg. of tissue. 
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Isolation of End-Product—Because of its amphoteric character, the isolg. 
tion of small amounts of PAH is difficult. We found that norit will quanti. 
tatively adsorb it from a protein-free solution at pH 4.0, but we were not 
able to find a satisfactory method of quantitatively eluting it from the ad. 
sorbent. For this reason we chose to isolate the product as the p-(p-hy. 
droxyphenyl)azo derivative. Five 250 ml. Erlenmeyer flasks were fitted 
with stoppers and glass tubing for continuous passage of gas. In each flask 
were placed 100 ml. of medium, 0.0015 m to PAB and 0.01 to glycine. 
Rat livers were sliced as before, and approximately 300 to 500 mg. (dry 
weight) of tissue were placed in each flask. The flasks were then incubated 
at 38° in a constant temperature bath with shaking until no more PAH was 
formed (7.5 to 8 hours). During the incubation, a slow stream of oxygen 
was maintained through them. In a typical run, a total of 22 mg. of PAB 
was converted to PAH, the efficiency of conversion being less than that of 
the smaller scale experiments. 

After removal of the tissue, trichloroacetic acid, dissolved in a minimum 
of water, was added to bring the concentration up to 3 per cent. The 
precipitated proteins were centrifuged off, and the resultant clear yellow 
solution neutralized to pH 4.0 with solid sodium citrate. The solution was 
then extracted with ether in a separatory funnel until less than 0.5 mg. of 
free PAB remained. 

The solution was chilled to 1°, 25 ml. of 12 Nn HCl were added, and a 1 per 
cent solution of sodium nitrite was added in small portions until a test for 
nitrous acid with iodide-starch paper remained positive. Solid ammonium 
sulfamate was then added in small portions until no free nitrous acid re- 
mained. This solution was slowly poured with vigorous stirring into an 
ice-cold solution of 200 mg. of phenol in 100 ml. of 5N NaOH. The orange- 
colored azo compound formed immediately. The solution was made acid 
with sulfuric acid and extracted with portions of ether until the ether re- 
mained colorless. The ether was extracted with 100 ml. of saturated 
sodium bicarbonate solution (more may be necessary if much acid has been 
carried over). This bicarbonate solution was acidified and extracted with 
200 ml. of ether, and the ether extracted with 15 ml. of 5 per cent bicarbo- 
nate. The final bicarbonate solution was acidified with 10 N sulfuric acid, 
and the bright orange precipitate centrifuged off, washed with water, 
recrystallized from an alcohol-water mixture, dried, and weighed. Yield, 
24 mg., which represents 50 per cent of the PAH formed in the incubation 
medium. Darkens at 243°, melts with decomposition at 246°. 

For purposes of comparison, p-(p-hydroxypheny])azobenzoic acid and 
p-(p-hydroxyphenyl)azohippuric acid were synthesized as follows: 0.7 ma 
of PAB or PAH was dissolved in 20 ml. of 0.1 N HCl. A 10 per cent excess 
of sodium nitrite dissolved in a small amount of water was added slowly to 
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the solution with stirring at 1°. The solution was allowed to stand for 15 
minutes, and ammonium sulfamate equivalent to the nitrite was added. 
The resultant solution was slowly poured into a solution of 10 per cent 
excess phenol in 30 ml. of 0.1 N NaOH at 1° with vigorous stirring. The 
solution was acidified with sulfuric acid and then neutralized with solid 
bicarbonate. It was then extracted with 3 volumes of ether to remove the 
excess phenol. After again acidifying and standing at 1° overnight, the 
resultant azo compound was centrifuged off, washed with water, and re- 
crystallized from alcohol-water mixtures. The yields were excellent (over 
90 per cent in all cases). PAB derivative darkens at 265°, melts with de- 
composition at 268°. PAH derivative darkens at 244°, melts with decom- 
position at 246.5°. A mixture of the azo derivative from the tissue 
experiment and that from known PAH darkened at 244° and decomposed 
at 246°. 

It was found that solutions of the azo derivatives of PAB and PAH are 
chromogenically equivalent within 1.5 per cent in 0.1 Nn NaOH solution at 
440 mu. The derivative from the tissue experiment was then compared 
with the known derivatives, and a chromogenic equivalent weight of 304 
obtained (theoretical for p-(p-hydroxyphenyl)azohippuric acid, 299). 

In another tissue experiment in which the 26 mg. of PAH produced were 
adsorbed on norit, as mentioned previously, we were able to remove 10.5 mg. 
of the PAH by continuous extraction for 48 hours with alcohol. By evap- 
orating the alcohol 7m vacuo and diazotizing a solution of the resultant 
gummy mass, a more impure sample of the azo derivative was obtained, 
which darkened at 241° and decomposed at 243°. Upon mixing with the 
known PAH azo derivative, the mixture darkened at 242° and decomposed 
at 244.5°. 

We consider these experiments to be an identification of the bulk of the 
end-product as p-aminohippuric acid. 

Time Curve—An evaluation of the production of PAH with increasing 
time is complicated by the accelerated decomposition of liver slices after 3 
to 4 hours of shaking, causing the final dry weight of a given amount of wet 
tissue to fall, and the apparent production per mg. of dried tissue to con- 
tinue rising. To get a truer picture of the time relationships, we followed 
the production in one of the large scale runs described in the previous 
section, in which the concentration of PAB was 0.0015 and of glycine was 
0.01 mM. 1 ml. aliquots were withdrawn from a single flask at intervals of 
time for analysis, and at the end of the run all of the tissue slices were re- 
moved for weighing. There was a total of 468 mg. of dry weight of liver 
slices in 100 ml. of medium. As can be seen in Fig. 4, the production per 
unit time is constant to about 4 hours, and then begins to fall off. In other 
Tuns made with individual Warburg flasks, substantially the same curve 
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was obtained with 0.001 m PAB media, except that the production per mg. 
of tissue was at a slightly lower level and apparently continued rising longer 
because of the decomposition of tissue mentioned. 
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HOURS 
Fic. 4. p-Aminohippuric acid produced per mg. of dry weight of rat liver slices 
with increasing time. 468 mg. of dry weight of tissue in 100 ml. of medium, 0.0015 u 
to p-aminobenzoic acid, 0.01 m to glycine. Incubated at 38° with continuous flushing 
by 100 per cent Oy. 


Tasie III 
Effect of Various Concentrations of p-Aminohippuric Acid (PAH) on Conversion of 
p-Aminobenzoic Acid (PAB) 
Each Warburg flask contained 27 to 37 mg. of dry weight of rat liver slices in 4 ml- 
of medium, 0.01 m to glycine, and was incubated 4 hours at 38° in a 100 per cent: 
atmosphere. 











Initial PAB Initial PAH Final PAH PAB converted Total PAB-PAH 

concentration concentration concentration to PAH recovered 
ue X 10-8 u X 10-9 u X 1073 webu pe td per cent 
0.91 0.90 1.44 11.0 98 
0.91 0.80 1.41 11.2 100 
0.91 0.70 1.33 11.0 100 
0.91 0.60 1,17 11.5 100 
0.91 0.50 1.10 9.4 95 
0.91 0.40 1.03 12.6 98 
0.91 0.30 0.96 9.5 100 
0.91 0.20 0.84 10.5 100 
0.91 0.10 0.74 11.1 99 
0.91 0.67 10.8 99 
0.91 0.58 | 10.6 100 
1.00 0.90 93 
1.00 0.92 | 96 














Effect of PAH—An experiment was set up in which increasing amounts 
of PAH were placed in a medium which was 0.00091 m to PAB and 0.01 
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to glycine (Table III). The reaction was not retarded even when the final 
concentration of PAH was over three times that of the PAB. 

The total recoveries shown are typical of all experiments. That from 
an experiment with only PAH added was 93 to 96 per cent, and may, in 
comparison with the recovery of PAB added alone, i.e. 99 to 100 per cent, 
indicate a greater degree of acetylation of PAH than of PAB (10). The 
magnitude of this possible acetylation reaction is so small that it is without 
effect on the quantitative significance of our experiments. Since 96 to 97 
per cent of the total PAB-PAH recovered is in the form of PAH when PAH 


Tasie IV 
Formation of p-Aminohippuric Acid (PAH) by Various Rat Tissues 


All tissues except testes added as slices to 4 ml. of medium, 0.00102 m to p-amino- 
benzoic acid (PAB), 0.01 m to glycine. Incubated 4 hours at 38° under 100 per cent 


0s. 











Total recovered PAB converted Weight of tissue 

| per com > per mg. dry tissue mg. dry weight 
Liver 92 8.0 36.7 
94 8.7 36.5 
Kidney cortex 98 19.3 21.2 
| 100 22.3 20.3 
Testes 90 0.2 75.8 
92 <0.1 66.1 
Heart ventricle | 100 <0.1 22.7 
101 0.0 22.2 
Muscle (thigh) 98 0.0 37.3 
| 96 0.0 45.1 
Brain | 100 | 0.0 17.9 
| 102 0.0 17.1 
Spleen 98 0.0 14.5 
| 98 0.0 16.3 








alone is added, hydrolysis of the PAH formed in these experiments is 
negligible. 

Formation by Other Tissues—Table IV presents the results with several 
tat tissues with 0.001 m PAB and 0.01 m glycine. All tissues were added as 
slices, except the testis, in which the testicular capsule was slit open and the 
tubules teased apart. No tissue other than liver and kidney showed an 
appreciable formation of PAH. Kidney was roughly 2.5 times as active as 
liver. A time curve, not shown, was made with kidney and also demon- 
strated an activity 2.5 to 3 times that of liver. The failure of all tissues to 
show some synthetic activity is surprising in view of current concepts of the 
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sites of peptide bond formation. The confinement of primary peptide bond 
synthesis exclusively to the liver and kidney would be unexpected. 

Action of Inhibitors—Various inhibitors were tried (Table V), all being 
added as the sodium salt in 0.1 m solutions. In the case of cyanide, a soly. 
tion of cyanide in KOH was used in the center well to prevent distillation of 
HCN out of the main compartment (12), and in all others KOH alone was 
placed in the center well. All of the inhibitors were effective in the cop. 
centrations used, cyanide, arsenite, iodoacetate, and fluoride being almost 
completely so. 


TaBLe V 
Action of Inhibitors on Formation of p-Aminohippuric Acid (PAH) 


Inhibitors added as sodium salts in 0.1 msolutions. Final volume of medium 4 
ml. Concentration of glycine 0.01 m. p-Aminobenzoic acid (PAB) concentration 
0.00106 m for controls, 0.00105 m for 0.001 m inhibitor solutions, 0.00096 for 0.01ly 
inhibitor solutions. Incubated 4 hours at 38° under 100 per cent O.. 

















Tissue weight | PAB converted | Average inhibition 
mg. dry weight ly per mg. dry tissue oa 

Cyanide 0.001 29.6 = | 0.0 

32.3 | 0.2 99 
Arsenite 0.01 m 21.4 0.7 

24.0 0.3 95 
Iodoacetate 0.01 m 22.2 0.3 

27.5 0.3 97 
Azide 0.001 25.9 5.0 

27.6 | 5.3 
Malonate 0.001 m 21.8 6.0 

26.6 5.8 
Fluoride 0.01 m 37.4 0.8 

26.6 Ee 
Control 19.5 8.8 

16.0 9.4 





Miscellaneous Observations—In all of the experiments in this section, the 
PAB concentration was 0.001 Mm, the glycine 0.01 M, and the run was con- 
tinued 4 hours. When anaerobic conditions were maintained by gassing 
with pure nitrogen, the conversion of PAB dropped from a control value it 
100 per cent oxygen of 10.1 y per mg. of dry weight to 0.6 to 0.8 y per mg. 
dry weight of liver. However, lowering the oxygen tension by using aif 
instead of 100 per cent oxygen caused no diminution of production, a value 
of 11.3 to 11.5 y per mg. of dry weight being attained as against a contra 
of 11.6 y per mg. in pure oxygen. 
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DISCUSSION 


The problem of finding a simple model for peptide bond synthesis analo- 
gous to in vivo protein synthesis has challenged all investigators in this field. 
The question as to whether the formation of PAH from PAB and glycine 
represents such a model is not readily answered. The fact that one of the 
reactants is an a-amino acid and that the end-product has the same type of 
a linkage as that which occurs in proteins should make this reaction accept- 
able as a model. However, the problem at this stage is not one of demon- 
strating true protein synthesis ?n vitro, but rather of detached study as to 
the kinetics and energetics of a model system. 

The Qpan in our experiments is from 0.5 to 0.6 under the more efficient 
conditions (the linear portion of the curves in Figs. 1, 3,4). Harrison and 
Long (13), in experiments on the regeneration of rat liver protein following 
fasting, have found that under the most favorable conditions liver tissue in 
situ corresponding in weight to 96 mg. of nitrogen could produce 14 addi- 
tional mg. of nitrogen in 24 hours. Assuming the liver to be 75 per cent 
protein on a dry weight basis and the average molecular weight of the amino 
acids to be 100, the Q for peptide bond formation would be 0.63, a value of 
the same order as Qpay. 

It is of interest that the reaction cannot proceed anaerobically, nor in the 
presence of oxidative inhibitors. Evidently, the free energy of the ender- 
gonic formation of the peptide bond must be supplied through an oxidative 
process. Glycine, on the other hand, is regarded as being totally inert in 
the liver as far as oxidation is concerned (14). Therefore, any scheme that 
involves the oxidat:ve deamination of glycine is unlikely. The necessity of 
support by an oxidative metabolism precludes any formation through the 
reversal of an enzymatic hydrolytic process. It seems highly probable that 
the formation proceeds through a high energy-phosphorylated intermediate, 
the phosphorylation being supported by endogenous metabolism. While 
there is nothing in this study, particularly in the action of inhibitors, to rule 
wt this mechanism, there is also no direct support for it. We hope to 
investigate the mechanism more directly in a subsequent study. 

In contrast to our findings with rat kidney, Borsook and Dubnoff (1) have 
reported that kidney has only one-third the activity of liver in the synthesis 
a hippuric acid from benzoic acid and glycine. Since the Qpay values in 
our experiments with liver are of the same order as the Qhippurieacia Values 
inmost of their liver studies, it is not clear as to whether the difference in 
our findings with kidney is due to a qualitative difference with PAB as com- 
pared to benzoic acid, or to differences in experimental conditions in the two 
studies. 

The high activity of kidney cortex is of interest in view of the fact that 
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PAH has been shown to be effective in lowering the rate of penicillin exer. 
tion by the kidney (15). 





SUMMARY | 

1. A method is described for determining p-aminohippuric acid (PAR) > 
in the presence of p-aminobenzoic acid (PAB) by extracting the latter from 
an aqueous solution with ether. 

2. The formation of PAH from PAB and glycine by rat liver slices js | 
demonstrated. 

3. The system is at an optimum at 0.001 m PAB, 20 mg. of dry weight d | 
tissue in 4 ml. of medium, and at 4 hours’ time. | R 

4. The formation of PAH does not occur anaerobically nor in the pres. | acid 
ence of oxidative inhibitors. mal 


5. The isolation of the p-(p-hydroxyphenyl])azo derivative of the end. men 
product is described, and a method is given for the synthesis of similar _ poss 
derivatives of PAB and PAH. The derivative of the end-product is found | it ag 
to be identical with that of PAH. mam 

6. Of the tissues tested, only the liver and kidney were active. Testes, acid 
heart, thigh muscle, spleen, and brain were inactive. The kidney was25 may 


to 3 times as active as the liver. Since 
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GLUTAMIC ACID ANTIMETABOLITES: THE SULFOXIDE 
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Recently it has been found that the administration of 1(+)-glutamic 
acid decreases the number of seizures in some patients suffering from petit 
mal epilepsy (1, 2) and improves significantly the mental performance of 
mental defectives of a certain type (3). Since these findings indicate the 
possibility of an abnormal metabolism of glutamic acid in such subjects, 
it appears desirable to study the effects of a glutamic acid deficiency in 
mammals. Such a nutritional state is difficult to achieve because glutamic 
acid is synthesized in mammals. Therefore, a search for compounds which 
may interfere with the normal utilization of the amino acid was undertaken. 
Since a study of antimetabolites is greatly facilitated by the use of an 
organism for which the metabolite is essential, Lactobacillus arabinosus 
was selected as the test organism. 

The effect of homologues, sulfur analogues, and phenyl-substituted 
derivatives of glutamic acid on the growth of these organisms was studied. 
eAminoadipic acid, aminomalonic acid, and 7-8-phenylglutamic acid did 
not inhibit the growth of the bacteria, but 7-y-methylsufinyl-a-amino- 
butyric acid (the sulfoxide derived from methionine) and i-y-benzyl- 
ulfinyl-c-aminobutyric acid (the sulfoxide derived from benzylhomo- 
cysteine) were effective antimetabolites of glutamic acid. The detailed 
aperimental data obtained in these studies, which have been briefly 
reported elsewhere (4, 5), are presented. 


EXPERIMENTAL 


dl-a-Aminoadipic Acid—This compound has been prepared by Sgrensen 
(6) from +-chlorobutyronitrile and phthalimidomalonic ester. Since adipic 
«id is now commercially available, a cheaper method of preparation 


ftom this source was designed. Diethyl-e-bromoadipate was prepared 


seording to the method of Ingold (7) in a 65 per cent yield. A solution 
of 314 gm. of the bromo ester in 1 liter of methanol was saturated with 


> 3+! ton 


Aided by a grant from the Williams-Waterman Fund of the Research Corpora- 
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ammonia gas, resaturated after 24 hours at room temperature, and allowed 





to stand 24 hours longer. The ammoniacal solution was taken to dryneg 
tin vacuo and the oily residue was boiled with refluxing for 2 hours with 129 | 
ml. of 6N HCl. The solution was evaporated to dryness in vacuo and the 
excess of hydrochloric acid was removed by repeated addition and evapon. 
tion of water in vacuo. The crystalline mass was dissolved in 300 ml, ¢ 
water, extracted three times with 100 ml. of ether, and the aqueous solution 
was treated with charcoal. The filtrate was made just alkaline to Congo 
red with concentrated ammonia (about 60 ml.) and cooled overnight. 13 

gm. of a-aminoadipic acid were obtained (69 per cent yield). 

For recrystallization 10 gm. of the crystals were dissolved in 50 ml. of 
water and 11 ml. of 6N HCl. 11 ml. of 6 N ammonia solution were adda 
and the solution was placed in the ice box. 7 gm. of crystals were ob 
tained. If the amino acid is recrystallized from water or dissolved in 
ammonia first and then precipitated with acid, the yield is much smaller, 
owing to the formation of the water-soluble piperidonecarboxylic acid. 
After two recrystallizations a product was obtained with a melting point 
of 204° in a bath preheated to 195° (205-206° (6)). 

The benzoyl-a-aminoadipic acid was prepared in the usual way, mp. 
180° (184° (6)). 

Aminomalonic ethyl ester and 1t-8-phenylglutamic acid! were prepared 
according to the methods of Snyder and Smith (8) and Harington (9) | 
respectively. 

i-y-Methylsulfinyl-a-aminobutyric acid (i-MSO) was prepared by 3 | 
slight modification of the method of Toennies and Kolb (10). HBr was | 
used instead of HCl to dissolve the methionine, and for neutralization 
ammonia was used instead of amylamine. Since precipitation of the | 
sulfoxide with acetone (10) yields the product in almost theoretical amounts, | 
any appreciable fractionation of the isomers is excluded. 

dl-y-Methylsulfonyl-a-aminobutyric acid was prepared according to the 
method of Toennies and Kolb (11). 

t-y-Benzylsulfinyl-a-aminobutyric acid (i-BzSO) was prepared from 
benzylhomocysteine (12) in the same manner as the MSO. It wast 
crystallized from boiling water and was obtained in a yield of over ® | 
per cent (m.p. 230°). 











CyHiNO,S (241.2). Calculated, N 5.8, 8 13.3; found, N 5.9, S 13.6 


dl-y-Benzylsulfonyl-a-aminobulyric acid was prepared by the methoi 
of Toennies and Kolb (11). It was recrystallized from boiling water. 
(Yield 80 per cent; m.p. 246°.) 


1 Prepared by Robert B. Case. 
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CuHisNOS (257.2). Caleulated, N 5.4, S 124; found, N 5.4, 8 124 


i-y-Ethylsulfinyl-a-aminobutyric acid was prepared from ethionine (13) in 
the same manner as MSO (m.p. 219°). 


CsH,;NO3S (179.1). Calculated, N 7.8, S 17.9; found, N 7.6, 8 18.0 


dl-y-Ethylsulfonyl-a-aminobutyric acid was prepared in the same manner 
as the methy] derivative (m.p. 239°). 


CsHi:NOS (195.1). Calculated, N 7.2, 8 16.4; found, N 7.0, 8 16.7 


Bacteriological Assay—The broth, synthetic medium, and bacteriological 
techniques described by Hac, Snell, and Williams (14) were employed. 
All the compounds to be tested were sterilized by filtration. The con- 
centrated, glutamic acid-free amino acid solution (14) was diluted to a 
volume of 2.5 ml. either with water or a solution containing the neutralized 
additional compounds. Glutamic acid was added in the amounts indicated 
in each experiment. The turbidimetric measurements of bacterial growth 
were carried out with a Coleman Junior spectrophotometer (cuvettes 19 
X 105 mm.). 

For comparative studies it was imperative to control the size of the 
inoculum from day to day. This may be achieved either by growing the 
culture for inoculation on media containing constant, limiting amounts 
of glutamic acid, or by diluting the cultures to the same optical density 
with sterile saline before inoculation. In most of our experiments 0.04 
ml. of bacterial suspension of an optical density of 0.41 to 0.46 was used. 

Effect of Various Glutamic Acid Analogues on Growth of Lactobacillus 
arabinosus—In Table I representative data are shown. All tubes con- 
tained a concentration of 0.82 « 10-* m l(+)-glutamic acid, an amount 
which yields optimal growth in 20 hours under the conditions of our 
experiments. The size of the inoculum was the same throughout. Under 
these conditions i-MSO inhibited bacterial growth; the antibacterial 
index was 50 to 75. Similar results were obtained with Lactobacillus 
casei. The antibacterial index is derived from a comparison, after 20 
hours of incubation, of optimal with completely inhibited bacterial growth, 
two states which are stationary. Comparison of optimal and partially 
inhibited growth, however, involves the evaluation of two different states, 
one stationary and the other of active growth. An analysis of the bac- 
terial growth rate at partial inhibition would be complicated by the fact 
that the organism metabolizes the sulfoxides. 

-BzSO is more effective as an antimetabolite than i-MSO, though 
4 precise comparison is difficult since some of the benzyl derivative crystal- 
lies out during incubation. The sulfone derived from dl-methionine is 
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at best one-third to one-half as active as i-MSO. The sulfone derived 
from dl-benzylhomocysteine could not be tested, as its solubility was too 
low. 
TaBLe I 
Effect of Various Glutamic Acid Analogues on Growth of Lactobacillus arabinosus 
1(+-)-Glutamic acid 0.82 X 10-* m, 20 hours incubation. 














Compound Concentration wT eae Inhibition 
uXl0% per cent 
dl-a-Aminoadipic acid 0 0.44 
60 0.43 0 
Aminomalonic acid ethyl 38 0.44 0 
ester 
i-8-Phenylglutamic acid 36 0.48t 0 
Sulfoxide from 0 0.43 
dl-methionine 6 0.42 2 
12 0.37 14 
18 0.32 26 
24 0.25 42 
30 | 0.19 56 
36 0.03 93 
42 0.01 98 
48 0.01 98 
Sulfone from 44 0.25 42 
di-methionine 55 0.25 42 
66 0.17 60 
77 0.10 77 
Sulfoxide from dl-benzyl- 18 0.33 23 
homocysteinet 20 0.30 30 
21.5 0.28 35 
23 0.20 53 
25 0.02 95 
Sulfoxide from 0 0.44 
dl-ethionine 44 0.42 5 
66 0.41 7 
Sulfone from 41 0.43 2 
dl-ethionine 62 0.38 14 

















* Corrected for blank values (medium without glutamic acid). 
t Solution developed color on incubation. 
t Read after addition of HCl to dissolve sediment of antimetabolite. 


The sulfoxide and sulfone derived from dl-ethionine are ineffective 3 
antimetabolites in concentrations in which MSO gives complete inhibition. 
It is interesting that, unlike the parent substance (15), the sulfoxide derived 
from ethionine does not antagonize methionine. 

Effect of Size of Inoculum on Antibacterial Index—The inhibition by + 
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MSO was halved by tripling the size of the inoculum and completely coun- 
teracted by a 10-fold increase (Fig. 1). 

Specificity of Glutamic Acid As an Antagonist to Sulfoxides—Fig. 2 shows 
the reversal of the 7-MSO and 7-BzSO inhibition by increasing amounts 
of (+)-glutamic acid. The response to glutamic acid is highly specific. 

05 
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*0.04 ML BACTERIAL SUSPENSION 
Fig. 1. Thezeversal of i-MSO inhibition of bacterial growth by increased inoculum 
size. Each tube contained 15 mg. of i-MSO (36 X 107° Mm) and 300 y of glutamic acid 
(0.82 X 10-*m). D = optical density. 
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| @ GLUTAMIC ACID M«10-3 
Fic. 2. Reversal of i-MSO and i-BzSO inhibition of bacterial growth by 1(+)-glu- 
tamic acid. D = optical density. Tubes containing 20 mg. of i-MSO (48 x 10-*m) 
solid line; tubes containing 15 mg. of i-BzSO (23 X 10-* m) broken line. 


None of the other amino acids present in the synthetic medium reversed 
the inhibition when tested separately (tryptophane up to 15 mg. per 2.5 
ml., tyrosine up to 10 mg., cystine up to 3 mg., and the others up to 20 
mg.). A slight inhibition in the absence of MSO was observed with 
arginine above 10 mg. per 2.5 ml. Asparagine was found to be ineffective 
in overcoming the MSO inhibition. Cysteine, which reduces MSO to 
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TaB_e II 
Reversal of Inhibition of Bacterial Growth by i-MSO in Presence of Cysteine 


Glutamic acid 0.82 X 107° m. 











wma | onan “onademe Inhibition 
u X 10% u X 103 per cent 
0 0 0.45 
0 25 0.46 
0 5O 0.45 
48 0 0.01 OS 
48 2.5 0.01 9S 
48 5 0.15 67 
48 7.5 0.33 26 
48 12.5 0.40 11 
48 25 0.39 13 
48 OD 0.40 11 





TasB_e III 
Reversal of Inhibition of Bacterial Growth by i-MSO and i-BzSO in Presence of Glutamic 








Acid Derivatives ° 
, , Bacterial 
Sulfoxide Concen- pee Glutamic acid derivative Cencen- growth, Inhibition 
tration | centration tration = 
uX 10% uX 17? u Xie per cent 
i-MSO 0 0.22 0.19 
bs 20 0.22 0.01 % 
” 0 0 Glutamine* 0.22 0.19 
” 20 0 7" 0.22 0.18 4 
- 0 0.82 0.45 
ni 48 0.82 0.02 6 
; 0 0 Glutamine 0.82 | 0.45 
48 0 “ 0.82 0.45 0 
7 66 0 ve 0.82 0.44 2 
= 96 0 = 0.82 0.40 10 
a 0 0 Ketoglutaric acid 0.82 0.31 
- 0 0.82 <3 es 8.2 0.46 
“ 36 0 “ “ 0.82 0.00 | 100 
- 36 0 . 8.2 0.01 | 9% 
0 0.82 0.44 | 
36 3.28 0.46 | 0 
0 0 Glutathione 0.82 0.42 
36 0 os 0.82 0.04 | 90 
4 - 36 0 3.28 0.36 14 
1-BzSO | 25 0.82 0.07 | 8& 
ee 0 Glutamine 0.82 | 0.39 | 2B 
aoe ee 
4 * We are indebted to Dr. H. B. Vickery and Dr. M. M. Harris for samples of [(+) 


glutamine. 
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methionine (10), counteracts the inhibition of bacterial growth by 7-MSO 
(Table II). Although 2 moles of cysteine reduce 1 mole of the sulfoxide, 
much smaller ratios overcome the growth inhibition. 

The growth-inhibiting effect of high concentrations of the methyl- 
sulfonyl analogue is not overcome by glutamic acid. 

Reversal of i-MSO and i-BzSO Inhibition by Glutamic Acid Derivatives 
(Table III)—If glutamic acid is replaced by an equivalent amount of 
glutamine, even twice the concentration of i-MSO which inhibits bacterial 
growth completely in the presence of glutamic acid has practically no 
influence on the growth of the bacteria. Likewise, concentrations of 
i-BzSO which inhibit completely in the presence of glutamic acid are inef- 
fective in the presence of glutamine. On the other hand, if glutamic acid 
is replaced by ketoglutaric acid, 7-MSO causes complete inhibition which 
js not reversed by large amounts of the keto acid. 

In accordance with previous findings (14), the bacterial growth with 
equivalent amounts of glutathione was almost as good as with glutamic 
acid at optimal concentrations (0.82 X 10-*m). At such levels of glutamic 
acid or glutathione the same amount of 7-MSO inhibits bacterial growth 
completely. Glutathione in increased amounts is almost as effective as 
glutamic acid in reversing the MSO inhibition. 

DISCUSSION 

Replacing the y-carboxyl of glutamic acid by the methylsulfinyl group 
produces a specific antimetabolite, MSO, against glutamic acid in Lacto- 
bacillus arabinosus and Lactobacillus casei. The corresponding sulfonyl 
derivative is a less active and unspecific inhibitor of bacterial growth and 
its action may be comparable to that of the aminosulfonic acid antagonists 
described by McIlwain (16). The antagonism of MSO as an antimetabolite 
of glutamic acid is highly specific; of the known amino acids only cysteine 
is at all effective in reversing the inhibition. The antagonism does not 
depend on the sulfinyl configuration alone, since it is decisively affected by 
the sulfur substituent other than the a-aminobutyric acid moiety. The 
methyl and benzyl! derivatives are highly active, whereas the ethyl deriva- 
tive is not active at all. No explanation for this remarkable specificity 
is offered. 

The effect of cysteine is probably related to its ability to reduce MSO 
to methionine (10). However, much less than the theoretical amount 
is sufficient to counteract the inhibition. The ease of reduction of MSO 
by cysteine suggests a similar transformation of the antimetabolite by the 
normal metabolism of the bacteria, thus offering an explanation for the 
prevention of the inhibition by large inocula. 

Since these sulfoxides have two centers of asymmetry, they exist as four 
stereoisomers. All the work reported in this communication was carried 
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out with the inactive material. A study of some of the stereoisomers x 
antimetabolities will be reported shortly. 


The ineffectiveness of i-MSO and i-BzSO as antagonists to glutamine 
suggests that the sulfoxides prevent the amidation of glutamic acid 


Whether the amidation of glutamic acid is the only process with whic 


the sulfoxides interfere is uncertain. Unlike glutamic acid large concentr. | 
tions of ketoglutaric acid, which supports growth in lieu of glutamic acid 


in these organisms, are unable to overcome the sulfoxide inhibition. Glut. 
thione, in which the y-carboxyl is substituted as in glutamine, behave 
towards MSO like glutamic acid and not at all like glutamine. It is of 
interest that MSO, which is able to replace the parent substance 
(methionine) in the diet of rats (17), acts as a powerful antagonist of 
another amino acid in bacterial metabolism. The biological significance 
of this finding cannot be evaluated at this stage, since the occurrence of the 
sulfoxide derived from methionine in living organisms has not been estab- 


lished. 
SUMMARY 


The effect of homologues, sulfur analogues, and phenyl-substituted 
derivatives of glutamic acid was tested on the growth of Lactobacillus 


arabinosus. dl-a-Aminoadipic acid, aminomalonic acid, and 1-8-phenyl- | 


glutamic acid do not inhibit the growth of the bacteria. The sulfoxide 


derived from dl-methionine and from dl-benzylhomocysteine are effective | 
antimetabolities of glutamic acid, the latter being more active. Thesulfone | 


derived from dl-methionine is about one-third as effective as the correspond- 
ing sulfoxide. The sulfone and sulfoxide derived from dl-ethionine ar 
ineffective. 1(+)-Glutamic acid overcomes specifically the growth inhibi- 
tion by the sulfoxides. Cysteine counteracts the toxicity of the sulfoxides, 
probably by reduction. With increasing size of inoculum the degree of 


sulfoxide inhibition decreases, an observation which suggests that the | 


antimetabolite is made ineffective by the metabolism of the bacteria. 
If glutamic acid is replaced by glutamine, even twice the concentration 


of sulfoxide which inhibits bacterial growth completely in the presence d | 


glutamic acid has little influence on the growth of the bacteria. Keto 
glutaric acid is ineffective in overcoming the sulfoxide inhibition, but 
glutathione is almost as effective as glutamic acid. 
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(From the Department of Biochemistry, College of Physicians and Surgeons, 
Columbia University, New York) 


(Received for publication, July 16, 1946) 


The Weil-Felix reaction (1-3), used in the diagnosis of several of the 
fevers of the typhus group, presents a very interesting instance of a hetero- 
genetic immunological reaction (4). It is based on the presence in the 
serum of typhus patients of agglutinins for the O variety of the X-19, X-2, 
and X-K strains of Proteus. A previous communication from this labora- 
tory (5) has dealt with the antigens of Rickettsia prowazeki, the etiological 
agent of louse-borne (‘‘epidemic’”’) typhus. The present study will supply 
information on the properties of antigenic fractions isolated from Proteus 
OX-19 which is the organism agglutinated by the sera of patients suffering 
from louse-borne typhus. 

The biological significance of the cross-reaction between Rickettsia and 
Proteus, organisms extremely different with respect to their taxonomy, is 
obscure. There does not seem to exist any convincing evidence of a genetic 
relationship between these organisms. 

The chemical composition of the Proteus OX-19 antigen responsible for 
the cross-reaction with typhus convalescent sera has remained largely 
unexplored. Indications of the presence of specific polysaccharides in 
Proteus extracts have been obtained by a number of workers (6-11). 
White (12) described an antigenic preparation from a tryptic digest of 
Proteus OX-19 containing two factors: one, labile to alkali, which gave rise, 
in the rabbit, to an antiserum containing homologous agglutinins for the 
bacteria; the other, stable to alkali, assumed to be responsible for the 
Weil-Felix reaction. Castafieda (13-15) reported the separation of two 
antigenic constituents: the ‘‘P factor,” unstable in alkali and reacting only 
with antisera to Proteus; and the “X factor,” regarded as common to both 
Proteus OX-19 and Rickettsia prowazeki, whose reactivity with Proteus and 
typhus sera was reported to be unaffected by boiling in acid or weakly 


* This work was carried out under a contract, recommended by the Committee on 
Medical Research, between the Office of Scientific Research and Development and 
Columbia University. 

t This report is from a dissertation submitted by Aaron Bendich in partial ful- 
flment of the requirements for the degree of Doctor of Philosophy in the Faculty of 
Pure Science, Columbia University. 
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alkaline solution. Mesrobeanu et al. (16-18) described the isolation, by 
extraction with trichloroacetic acid, of a complex antigen, claimed to be 
responsible for the Weil-Felix reaction. A discussion of some of the points 


at which the results presented here are at variance with previous reports 


will be found later in the paper. 


EXPERIMENTAL 
Cultivation of Organisms 


Proteus OX-19 was obtained from the American Type Culture Collection 
(No. 6380). The best yield of organisms rich in antigenic material was 
obtained on nutrient agar composed of 2 per cent of Bacto-tryptone, 05 
per cent of a yeast concentrate,' 0.5 per cent of sodium chloride, and 3 per 
cent of Bacto-agar in tap water. 

Roux bottles containing 150 cc. of this medium were sterilized by auto- 
claving (30 minutes at 15 pounds). An inoculum of 3 ce. of a 24 how 
culture was added to each bottle and the cultures were incubated for % 
to 36 hours at 37°. Following the customary bacteriological controls 
with respect to homogeneity, non-motility, etc., the heavy cultures were 
removed with physiological saline containing 0.2 per cent of formaldehyde. 
The organisms were washed three times in the centrifuge with formolized 


saline at 4000 r.P.M., again suspended in saline, and the suspensions were | 


passed through a very coarse sintered glass filter. This proved an impor- 
tant step, since a considerable quantity of agar particles could thus be r- 
moved. The filtrates were dialyzed in the cold against saline containing 
0.2 per cent of formaldehyde for 16 hours, against running tap water for 
24 hours, and against several changes of ice-cold distilled water for the same | 
period. The suspensions, dried in the frozen state in vacuo, yielded the | 
organisms as a fluffy powder (1.5 to 2 gm. per liter of medium). These 
preparations retained their serological activity even when stored for? | 
years at room temperature. | 

Numerous attempts to use liquid media gave results that were far from 
encouraging. When agar was omitted from the culture medium described 
above, the yield of organisms, even with efficient aeration, was about 0 
gm. per liter. The inclusion of glucose diminished even this yield. 

A culture fluid of the following composition, developed in collaboration 
with Dr. 8. Francis, gave good growth (about 0.75 gm. of dry bacteria pe 
liter), but was not employed in the present study, since only one-tenth d 
the normal yield of antigenic material could be obtained from the organisms: 
ammonium citrate 5.0 gm., NazCO; 3.0 gm., NaCl 2.0 gm., MgSO,-7H0 


1 Brewers’ yeast extract, type 3, obtained through the courtesy of Standard 
Brands Incorporated. 
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04 gm., Casamino acids (Difco, technical) 2.0 gm., KH,PO, 3.0 gm., 
ferric ammonium citrate 0.05 gm., /(+)-cysteine hydrochloride 0.11 gm., 
thiamine hydrochloride 5.0 mg., nicotinic acid 0.02 mg., tap water to 1 


liter. 
Antisera to Proteus OX-19 


Several rabbits received each a total of 7.56 mg. of dried organisms 
(0.6 mg. N) intravenously in graded doses over a period of 3 weeks. The 
antisera were obtained 1 week after the last injection. Suspensions of 
Proteus OX-19 in saline (corresponding in turbidity to No. 3 of McFarland’s 
nephelometric scale (19)) were agglutinated with equal volumes of the 
antisera at a dilution end-point of 1:5120. The antisera (containing 0.01 
per cent of ethyl mercurithiosalicylate) were stable for more than 1 year 
in the refrigerator. Human convalescent epidemic and murine typhus 
sera? diluted to 1:640 to 1:1256 agglutinated suspensions of these organ- 
isms. A suspension of 0.24 mg. per ml. of Rickettsia prowazeki, killed 
with formalin, extracted with ether,’ and heated for 30 minutes at 75° (13), 
was agglutinated by both the Proteus antisera and the epidemic typhus 
sera (diluted 1:1280). 


Isolation of Antigens by Digestion with Trypsin 


After preliminary experiments with several enzymes (crude and crystal- 
line trypsin, crystalline chymotropsin, moccasin venom, malt diastase), 
crystalline trypsin was chosen. A preliminary ether extraction of the 
bacteria did not increase the efficiency of the tryptic digestion. 

Tryptic Digestion—In a typical experiment, 5.0 gm. of dry organisms, 


| suspended in 400 cc. of 0.1 m borate buffer (pH 7.8) containing ethyl 


mercurithiosalicylate 1:10,000, were treated with 3.2 mg. of crystalline 
trypsin for 60 hours at 37°. The mixture was centrifuged and the residue 


_ resuspended in 200 cc. of buffer and treated with an additional 1.6 mg. of 


cribed 
mut 0.1 
ration 
ria per 
nth 


-7H0 





trypsin for 24 hours. After thorough dialysis, the combined supernatants 
and washings were concentrated by pervaporation and the extracted ma- 
terial (Fraction T) was recovered in a yield of 26 to 28 per cent of the 


| bacteria. The residual bacterial débris amounted to 22 to 26.5 per cent 


of the organisms employed. The origin of the organisms (nutrient agar 
or nutrient broth) did not influence the yield. 


*Obtained through the courtesy of Dr. I. Bengtson of the National Institute of 
Health and of Colonel H. Plotz of the Army Medical School. 

*We are grateful to Dr. L. A. Chambers of the University of Pennsylvania for 
this preparation. 

‘Evaporation of the water in vacuo in the frozen state was invariably used for the 
drying of antigenic fractions or for their recovery from aqueous solutions. 
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Fraction T contained 12.5 per cent N (Kjeldahl), 0.85 per cent P (20), 
reducing sugars (as glucose) without hydrolysis 7.2 per cent, and, after 
hydrolysis for 3 hours with 1 N HCl at 100°, 12.7 per cent (Hagedom. 
Jensen). The electrophoretic analysis’ of a 1.3 per cent solution in borate 
buffer of ionic strength 0.2 and pH 8.5 revealed two components; viz,, g 
small fraction (22 per cent of the total) with a descending mobility o 
—8.9 X 10~* sq. cm. per volt per second which was inactive serologically, 
and a large component (78 per cent of the total) with a descending mobility 
of —8.3. This major component in an initial concentration of 0.07 mg. of 
N per ce. gave precipitation at 1:16 dilution with human endemic typhus 
serum (diluted 1:10) and at 1:4 dilution with Proteus OX-19 antiserum 
(1:10). 

When Fraction T was heated in saline solution for 1 hour at 100°, its 
reactivity with typhus serum was destroyed, but its reactivity toward 
Proteus antiserum was hardly impaired. 

High Speed Centrifugal Fractionation of Fraction T—When a 1.0 per 
cent solution of Fraction T in 0.9 per cent NaCl was subjected to centrif- 
ugation at 20,000 r.p.m. (31,000g) for } hour, an almost clear supernatant 
(containing Fraction T-1, 70 per cent of the starting material) and a sedi- 
ment (Fraction T-2, 22 per cent of the starting material) were obtained! 
The turbid saline suspension of the sediment was centrifuged at 8000 R.p.x. 
(5000g) for 10 minutes to remove a small amount of particulate matter and 
then spun at 20,000 r.p.m. for } hour. The fractions were obtained as 
white fluffy solids after thorough dialysis. 

Both fractions gave positive Molisch and Sakaguchi tests, and negative 
Hopkins-Cole tests. The biuret and xanthoproteic reactions were positive 
with Fraction T-1, but faint with Fraction T-2. Only Fraction T-1 gave 
a positive Millon reaction. Some of the properties of these substances are 
listed in Table I. It will be seen that Fraction T-2 showed reactivity with 
typhus serum, but lost it on being heated. 





Isolation of Antigens by Extraction with Trichloroacetic Acid 


Extraction—In a typical experiment, 2.0 gm. of dry organisms were 
suspended in 280 cc. of 0.1 N trichloroacetic acid and kept at 0° for 16 hous 
with continuous agitation. The pH of the suspension remained at 14. 
The mixture was centrifuged in the cold, the sediment washed three times, 
and the combined turbid extracts as well as the bacterial débris wer 
dialyzed for 2 days against running tap water and for 1 day against a fer 
changes of cold distilled water. Fraction C, recovered from the extract, 


5 We are highly indebted to Dr. D. H. Moore for the electrophoresis experiments. 
* All high speed centrifugations were carried out in a refrigerated International 
centrifuge equipped with a multispeed attachment. 
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amounted to about 7.4 per cent of the bacteria used; the débris amounted to 
0 per cent. Fraction C gave opalescent solutions in water and saline and 
reacted with typhus serum (1:10) in a dilution of 1:32,000, but lost this 

perty after heat treatment. It also precipitated with anti-Proteus 
serum (1:10) at a dilution of 1:128,000 and, after heating, at a dilution of 
1:64,000. 

Fractionation by High Speed Centrifugation—The extract containing 
Fraction C could be fractionated by high speed centrifugation. The 
dialyzed extract was concentrated by pervaporation to about 100 ce. 
Centrifugation at 31,000g for 1 hour caused the separation of a translucent 


Taste I 
Antigens Prepared by Digestion of Proteus OX-19 with Trypsin 





} Reducing sugars | Electrophoretic Precipitation end-pointst 























| 
(as glucose) analysis* 
| | After| Proteus OX-19 H 
tin | N | P| With. | 3 hrs. at ‘antiooram a ay 
Bn ve — — 
iysis with » | oy Intact | Heated Intact Heated 
| HCl antigen antigen antigen | antigen 
ain os aa | 
| | er | 
| font | cont | cont | cons |*% 10) Ze, | 
TA | 11.0 1.4 | 7.5 | 15.7 | —4.9| 21 |1:123,000/1:7700 | Negative | Negative 
a | —6.6) 30 | | | 
T2 | 5.82.1 | 7.0 | 15.8 | —8.0) 49 | 
= 
| —6.0 100 /1:127, 000) 1:15, 000 1:63, 000 “ 














*The substances were examined in | per cent solutions in borate buffer of pH 
8.5 (ionic strength, 0.2). Mobilities and relative areas are calculated from the de- 
scending boundaries. Both fractions were heterodisperse in the analytical ultra- 
centrifuge. 

t The sera were diluted 1:10. Stability to heat was tested by keeping the anti- 
gens, dissolved in neutral physiological saline, at 100° for 1 hour. 


jelly from a slightly opalescent supernatant. The sediment was washed 
two times in the centrifuge with small portions of distilled water. The 
combined supernatants yielded Fraction C-1 as a fluffy white felt amount- 
ing to about 4.3 per cent of the bacteria. The sediment was freed of some 
contaminating particulate material by centrifugation at 5000g for 10 min- 
utes; it gave Fraction C-2, about 1.2 per cent of the starting bacteria. This 
substance dissolved readily in water or saline, the turbid solutions showing 
marked streaming upon agitation. In the dry state the preparations 
retained their serological activities for more than 1 year even at room 
temperature. 

The examination of Fraction C-1 in the Tiselius electrophoresis cell in 
borate buffer at pH 8.5 revealed the presence of two components with 
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descending mobilities and relative proportions as follows: (1) —6.1 (67 
per cent) and (2) —7.2 (33 per cent). Under the same conditions, Frag. 
tion C-2 migrated as a single component with a descending mobility of 
—6.4 X 10-* sq. cm. per volt per second. Both fractions were polydisperse 
in the analytical ultracentrifuge. 

Purification—The two components of Fraction C-1 could be separated by 
fractional precipitation with alcohol. To a 2 per cent aqueous solution of 
Fraction C-1 kept in an ice bath, cold absolute ethanol was added dropwise 
with constant stirring, when, at an alcohol concentration of 67 per cent 
by volume, a white flocculent precipitate formed which was removed by 
centrifugation after chilling overnight. The sediment, which amounted 
to 60 to 65 per cent of Fraction C-1 (or 2.6 to 2.8 per cent of the original 
bacteria), was dissolved in cold water, precipitated with cold alcohol, and 
dried. This substance is designated Fraction C-11. The remaining ma- 
terial, soluble in 67 per cent alcohol, was precipitated from solution upon 
the addition of alcohol to 80 per cent concentration (by volume), to give 
Fraction C-12. This fraction, completely inactive serologically with both 
Proteus and typhus sera, was not studied further. Both fractions were 
homogeneous electrophoretically and had the following mobilities (in 
borate buffer at pH 8.5): Fraction C-11, —6.26 (descending), —6.82 
(ascending); Fraction C-12, —6.28 (descending), —6.49 (ascending). 

When fractionation of Fraction C-2 was attempted in the same manner, 
at least 95 per cent was precipitated unchanged serologically at an alcohol 
concentration of 67 per cent. Hence, for later study, Fraction C-2 was not 
further purified. 

Dried preparations of Fractions C-11 and C-2 appeared to dissolve 
readily in water or saline, but the solutions deposited a considerable 
sediment on centrifugation for 10 minutes at 4300 r.p.m., probably owing 
to aggregation during the drying process. Homogeneous solutions which 
no longer sediment in the centrifuge at 4300 r.p.m. can be obtained if the an- 
tigen suspensions are vigorously shaken for a day or two in the refrigerator. 

Chemical Properties—Both fractions, C-2 and C-11, were free of sulfur. 
No spectroscopic evidence for the presence of a nucleic acid could be 
obtained. The customary tests for purines and for desoxyribose nucleic 
acid likewise were negative. 

Both substances gave, before hydrolysis, a positive Sakaguchi test for 
arginine and weakly positive biuret and ninhydrin reactions. Negative 
tests with the Millon and Hopkins-Cole reagents pointed to the probable 
absence of tyrosine and tryptophane. Following a hydrolysis with 4% 
hydrochloric acid at 100° for 8 hours, both fractions showed a strong 
ninhydrin reaction, but the Hopkins-Cole, Millon, and biuret reactions and 
also the Pauly test for histidine were negative. 

The Molisch reaction was positive; the keto sugar test of Seliwanoff, the 
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Tollens-Neuberg reaction for uronic acids, the Rosenthaler test for methyl 

toses, the usual reactions for pentoses, such as the orcinol reaction 
according to Bial, the phloroglucinol, and the McCance (21) tests, were all 
negative (22). The reaction for amino sugars according to Elson and 
Morgan (23) was strongly positive after the acid hydrolysis of the 
substances. 

Both fractions contained lipides; the nature of this material will be 
discussed later. 

The analytical properties of several representative preparations are 
summarized in Table II. N analyses were, unless noted otherwise, carried 
out by the Kjeldahl procedure; P was determined colorimetrically (20); the 


TaBLeE II 


Per Cent Composition of Antigens Prepared by Extraction of Proteus OX-19 with 
Trichloroacetic Acid 
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| ; . Red 
| Amino N Amine ( sugars Glucos- 
id N as giucose i 
Prepa- After safter after Total 
- — Ash| C | H| N | with. a6 oes. hydro- P With fh- hydro. Acetyl lipides 
wet lrsis | TSE | | out lhydro:| ss 
ysis oe 6 » h ~4 with 6N HCl 
N 
C-l1| VII 7 .3/43.9)|7.7| 4.3] 0.62 2.1] 2.8 | 33.7 
VIII 4.6) 0.65 2.3) 3.0 | 39.0 
XIII | 6.9 5.1 4.1 | 1.4 |2.5) 2.7 | 37.5) 23.0 
ay Cl 5.0 2.4 37.8} 23.8 | 6.0 2.8 
C-2 | VII 7.1147.6|7.7| 5.1) 0.75 2.5) 3.9 | 24.2 
VIll 4.8] 0.68 2.3) 3.2 | 29.3 
XIII | 7.2 5.1 4.4! 2.4 |2.5) 2.6 | 25.2) 11.2 
}XVv | | 5.1 | 2.4 26.0) 10.2 | 1.9 | 11.1 








reducing sugars were estimated by the Hagedorn-Jensen method. The 
procedures used for the determination of glucosamine and acetyl groups 
will be discussed later in the paper. 


Immunological Properties of Fractions C-11 and C-2 


Preparation of Antisera—Three rabbits were injected intravenously with 
a total of 0.3 mg. of Fraction C-11 and another set with 0.28 mg. of Fraction 
C-2 during the course of 3 weeks; the antisera obtained from bleedings by 
cardiac puncture 1 week after the last injection were preserved in the ice 
box with 0.01 per cent of ethyl mercurithiosalicylate. A suspension of 
Proteus OX-19 (No. 3 on the McFarland scale) was agglutinated by the 
addition of the anti-Fraction C-11 serum at a dilution end-point of 1:5120 
and by the addition of anti-Fraction C-2 serum at a dilution of 1:1280. 
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A suspension of Rickettsia prowazeki (0.24 mg. per cc.), treated as described 
above, was agglutinated by the anti-Fraction C-2 serum diluted 1:1289, 
but the agglutination by the anti-Fraction C-11 serum, even with 1:40 to 
1:80 dilutions, was doubtful. In Table III, the precipitation end-points 
(antigen dilutions) obtained with both antigenic fractions are given, 


TaB_e III 
Precipitation End-Points of Proteus OX-19 Antigens 




















Final antigen dilutions showing precipitation* 
Fraction : 
Epidemic typhus | Proteus OX-19 Fraction C-11 Fraction C-2 
serum antiserum antiserum antiserum 
ai ie : 
C-11 No ppt.t | 1:64, 000 1:256,000 | 1:32,000 
C-2 1:32,000 1:64,000 1: 128,000 | 1:256 ,000 
| 





* The sera were employed in a 1:10 dilution. 
t Even in an antigen dilution of 1:1000, no precipitation was observed. 





TasBLe IV 


Antibody Nitrogen Precipitated from 1 Cc. of Anti-Fraction A 11 Rabbit Serum by 
Varying Amounts of Fractions ¢ C-11 and C- 
































Supernatant tests with 
: Antigen N | yy; Antibody N | — aay tenes , 
eel ede eee ee a 
Ci | C2 | ' 
mg. meg. meg. | 
C-11 0.002 0.192 0.190 ~ | = )e—eee 
0.006 0.293 0.292 _ — | ++ + 
0.010 | 0.378 | 0.368 + + + 
0.014 | 0.392 | + + “ “ 
0.020 | 0.402 nt ++ - - 
0.030 0.350 | +++ | +++ — - 
C-2 0.004 0.220 | 0.216 - — +++ | +++ 
0.005 | 0.265 | 0.260 - - > Fn 
0.009 | 0.352 | 0.343 _ — + 7 
| 0.018 | 0.364 0.346 + + | — - 
| 0.026 0.322 -~ i - | a 
| 0.035 | 0.306 +++/4+++/ - | - 





Neither the anti-Fraction C-11 nor the anti-Fraction C-2 serum aggluti- 
nated suspensions of Proteus vulgaris (grown on nutrient agar). 
Quantitative Evaluation of Precipitation Reactions of Fractions C-11 and 
C-2—The methods used in this study essentially followed those of Heidel 
berger and Kendall (24). When the precipitation of Fractions C-11 and 
C-2 by the anti-Fraction C-11 rabbit serum was examined (Table IV), 
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the supernatants, following the precipitation of Fraction C-2, were found 
not to contain excess antigen and antibody simultaneously. The super- 
natants from the precipitation of Fraction C-11, however, exhibited a very 
narrow zone in which both antigen and antibody were present. On the 
other hand, when both antigens were examined with anti-Fraction C-2 
serum (Table V), the supernatant tests revealed a considerable zone in 
which antigen and antibody remained in excess at the same time. 
Reactions of Proteus OX-19 and Fractions C-11 and C-2 with Antiserum 
to Proteus OX-19—To 1 ce. portions of anti-Proteus OX-19 serum, kept 
at 37°, were added small successive amounts of Proteus OX-19 and Frac- 


TABLE V 


Antibody Nitrogen Precipitated from 1 Cc. of Anti-Fraction C-2 Rabbit Serum by 
Varying Amounts of Fractions C-11 and C-2 

















best - Supernatant tests with 

: ntigen v3 

—_— added tan Anti-Fraction Anti-Fraction| Fraction | Fraction 

C-11 C-2 | C-i1 | C-2 

mg. mg. 

C-1l 0.003 0.099 | - | - | + | #54 
0.006 0.140 + a +4 | +++ 
0.011 0.160 | + + | ++ ae 
0.019 0171 | +++ | +++ | ++ | + 
0.027 0.174 | +++ | +++ | - or 
0.082 | 0.177 | +++ | +4+ | + | + 

C-2 0.003 | 0.097 | + [| o+ | +++ | +44 
0.00 | 0.122 | ++ | + +++ | +++ 
0.012 0.150 | +++ | ++ | +4+4+ +++ 
0.024 0.175 | +++ | ++ +++ +++ 
0.029 0.182 | +++ +++ | ++ ++ 
0.085 | 0.185 | ++++ | ++++ | ++ | ++ 





tions C-11 and C-2 and the precipitates which formed were centrifuged in 
the cold after each addition. When no further precipitation occurred, 
the supernatants were divided into three portions for testing against the 
three antigens used. The precipitates were washed in the cold and their 
nitrogen contents determined in the usual manner. The results are listed 
in Table VI. It will be seen that absorption with antigen was quite com- 
plete in each case and that the serum, following treatment with Proteus, 
no longer contained precipitins for either Fraction C-11 or C-2. Whereas 
Fractions C-11 and C-2 removed about the same amount of antibody from 
the serum, the antibody removed was evidently not entirely identical in 
the two instances. 

The sera obtained from rabbits inoculated with Proteus OX-19 clearly 
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contained more antibodies for the two antigenic fractions isolated from this 
organism than did the antisera prepared with these fractions themselyes, 
Similar observations have been made with the O antigen of the typhoid 
bacillus isolated from a trichloroacetic acid extract (25). 

Test for Agar Contamination—To test for agar contamination, an im. 
munological procedure was devised which required less than 1 mg. of 
material. 

The test was carried out by placing 0.1 cc. portions of a horse antiserum 
to Hemophilus influenzae containing considerable amounts of antiagar 
precipitins’ in three sets of micro test-tubes. To one set was added 0, 
cc. of serial dilutions of the agar used in this work in physiological saline, 
covering the range of 1:1000 (0.1 mg.) to 1:1,000,000. Saline solutions 
of Fractions C-11 and C-2 in the same concentration range were added to 
the remaining sets. Controls of normal horse serum were included. The 


TaBLe VI 


Antibody Nitrogen Precipitated from 1 Cc. of Anti-Proteus OX-19 Serum by Successive 
Additions of Proteus OX-19 and Fractions C-11 and C-2 





| Supernatant tests with 











Antigen added | SS |e Te ee 
| | oxis | on | 

me. mg. | mg. | mg. | 
8.00 Proteus OX-19 bite | 1.932 | 3.286 | 1.354 | - | - - 
0.197 Fraction C-11 | 0.010 | 0.426 | 0.416 | ++++] — | ++ 
0.19 “ C2 ...| 0.010 | 0.440 | 0.430 | +4+++4+] + | - 


tubes were kept stoppered at 37° for 4 hours and overnight in the ice box. 
Precipitation was observed only in the agar set in all the tubes up to and 
including the 1:500,000 dilutions; no precipitation, however, occurred in 
any of the tubes containing the antigens even in the highest concentration 
(1:1000). To test whether Fractions C-11 and C-2 had any inhibitory 
effect on the antibody to agar, 0.1 cc. of agar (0.1 mg.) was added to each 
of the tubes containing the agar antiserum and Fractions C-11 or C-2 after 
an incubation for 4 hours at 37° and overnight in the ice box. The precipi- 
tation of the agar was not impaired. Crude antigen preparations, wi. 
the total trichloroacetic acid extract (Fraction C), were also examined by 
this procedure. A dilution of Fraction C of 1:4000 gave a weak but 
significant precipitin reaction. In the subsequent isolation of Fractions 
C-11 and C-2 from Fraction C, this small impurity is apparently removed. 


? Placed at our disposal through the kindness of Dr. Hattie E. Alexander of the 
Department of Pediatrics. 
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Test for Blood Group Activity—Fractions C-11 and C-2 were found to be 
devoid of blood group A activity when tested for their ability to inhibit 
agglutination of human group A red cells by anti-A serum (26). 


Studies on Degradation of Antigenic Fractions 


The effects of chemical operations, short of total hydrolysis, on the 
chemical and immunological properties of the two antigenic components 
of Proteus OX-19, were studied in a variety of ways. 

Effect of Glacial Acetic Acid on Fractions C-11 and C-2—Weighed portions 
of Fraction C-11 (102.1 mg.) and of Fraction C-2 (107.9 mg.) were each 
suspended in 10 ce. of glacial acetic acid and kept, with occasional agita- 
tion, for 2 days at room temperature in a nitrogen atmosphere. Following 
the addition of ether, the insoluble material was filtered off, washed with 
ether, and dried. The combined ether and acetic acid extracts yielded 
colorless semicrystalline residues. The material obtained from Fraction 
(-2 had a neutralization equivalent of 394. 

The portions insoluble in a mixture of ether and acetic acid were ex- 
tracted three times with a total of 10 cc. of water. The fractions soluble 
in water, recovered from the dialyzed aqueous solutions, and the water- 
insoluble fractions formed white, fluffy felts, which could both be easily 
dispersed in physiological saline. 

The results of this experiment, summarized in Table VII, demonstrate 
the far reaching effect of glacial acetic acid. Its most important features 
were (1) the cleavage of both antigens into water-soluble, water-insoluble, 
and lipide fractions, accompanied in Fraction C-2 by the loss of cross- 
reactivity with typhus serum but in Fraction C-11 by an increase in 
reactivity with the homologous antiserum; (2) the removal of a portion 
(15 to 18 per cent) of the phosphorus, bound in a labile organic linkage, 
of which more will be said later; (3) the creation of more reducing groupings 
in the fragments than were originally present in the intact substances. 

Effect of Various Agents on Fraction C-11—A 0.5 per cent solution of 
Fraction C-11 in pure dry formamide, stored in the refrigerator for 2 days, 
slowly deposited about two-thirds of the starting material as an insoluble 
precipitate, but neither this fraction nor the material remaining in solution 
was appreciably different from the original antigen in its reactivity to the 
homologous antiserum and in its chemical composition. A portion of the 
total organic phosphorus (14 per cent), however, was not recovered; this 
occurred in all degradation experiments reported here. 

When solutions of Fraction C-11 in 0.1 N acetic acid or in 0.05 N sodium 
hydroxide were kept at 100° for 15 minutes, their serological reactivity was 
destroyed. But the examination of the chemical composition of the frag- 
ments (isolated by virtue of their solubility in water and in dilute ethyl 
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alcohol of varying concentrations), following prolonged treatment with 
these agents, revealed that only slight fractionation into the component 
parts had taken place. 

No cleavage of Fraction C-11 nor loss of serological reactivity was ob- 
served when the antigen was treated with 0.5 per cent aqueous sodium 
desoxycholate for 20 hours at 4°. 

Freezing in Presence of Ether (27, 28)—When a | per cent aqueous solution 
of Fraction C-2 was extracted nine times in the frozen state with ether by 
the technique described previously (28), about 4.7 per cent of a lipide 
fraction, 7.e. slightly more than one-third of the total lipide contents, 
was found in the ethereal extract. The aqueous phase, following the com- 
plete removal of dissolved ether, was centrifuged at 31,0009 for 1 hour, when 
complete sedimentation had taken place. The aqueous solution of the 
sediment, centrifuged for 10 minutes at 5000g, yielded a deposit (21 per 
cent of the starting material) with unchanged reactivity toward typhus 
serum and a turbid supernatant from which a fraction was recovered (43 
per cent of the starting material) that was inactive when tested with typhus 
serum. 

Fraction C-11, subjected to the same operation, yielded practically no 
lipide. The serologically unchanged material could be recovered following 
the freezing process. 

Serological Stability of Antigens toward Heating in Water and in Alcohol- 
Ether—For the examination of heat stability 0.1 per cent aqueous solutions 
of Fractions C-11 and C-2 were kept at 100° for 1 hour. The results in- 
cluded in Table VIII show that, whereas, the reactivities of both fractions 
toward Proteus OX-19 antiserum were diminished only to a small extent, 
the cross-reactivity of Fraction C-2 with typhus serum was completely 
destroyed by heat. 

The serological stability of both antigenic fractions toward alcohol-ether 
(1:1) was tested with 5 per cent suspensions of these fractions in the solvent 
mixture. The suspensions were brought to the boiling point of the solvent 
(49°), immediately cooled, and kept in the refrigerator overnight. The 
extraction residues were removed by centrifugation, washed with alcohol- 
ether, and dried. The extracts yielded small amounts of a lipide mixture 
(less than 1 per cent from Fraction C-11, 6.3 per cent from Fraction C-2). 
The serological activities of the extracted antigens are likewise presented in 
Table VIII. It will be seen that the effect of the partial removal of lipides 
was very similar to that of heat: the reactivity of Fraction C-2 toward 
typhus serum was completely abolished. 

Since the treatment of Fraction C-2 with alcohol-ether resulted in the loss 
of its cross-reaction with typhus serum, it appeared of interest to determine 
whether alcobol-ether extraction would change the serological properties of 
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the intact organisms. It was found that the extraction of the dry organ. 
isms with alcohol-ether (1:1) for 6 days at room temperature effected the 
removal of 3.6 per cent of lipide material, whereas with ether alone only 03 
per cent of lipide material was removed. The extraction of Proteus OX-19 
with these organic solvents appeared to be without significant effect on the 
agglutinogens present in the organisms since the agglutination end-points 
of untreated and defatted organisms with Proteus antiserum and endemic 
typhus convalescent serum were found to be identical, at least within the 
experimental error. 


Tasie VIII 
Serological Stability of Fractions C-11 and C-2 








| 
| 


| Final antigen dilutions showing precipitation 
| 











Serum (1:10) Fraction on 2 Ube i Fraction C-2 
Extracted | | Extracted 
Untreated | Heated with Untreated | Heated with 


alcohol-ether | | alcohol-ether 








Human endemic No ppt. | Noppt. No ppt. | 1:32,000 | No ppt. | No ppt. 
typhus serum | 
Proteus OX-19 | 1:64,000 | 1:16,000 | 1:32,000 | 1:64,000 | 1:16,000 | 1:64,000 


antiserum 





Lipide Components 

For extraction of the lipides, 1.09 gm. of Fraction C-11 and 1.01 gm. of 
Fraction C-2 were each refluxed for 24 hours with 150 cc. of equal volumes 
of absolute ether and alcohol in a nitrogen atmosphere. The extraction 
residues were removed by filtration through fine sintered glass funnels, 
washed with alcohol and ether, and dried. The combined extracts and 
washings were concentrated in a stream of nitrogen under reduced pressure 
and the residues dried in vacuo. The lipide fractions, representing about 
2.8 per cent of Fraction C-11 and about 11.1 per cent of Fraction C-2, were 
pale yellow and had a crystalline appearance. The test for acetal phos 
phatides (29) was negative. 

The lipides were each dissolved in 1 cc. of ether and the acetone-insoluble 
fractions precipitated by the addition of 5 cc. of acetone. The combined 
supernatants and washings yielded the acetone-soluble portions as almost 
colorless, crystalline residues. The acetone-insoluble lipides were light 
gray in color, amorphous, and granular, and were for the most part il- 
soluble in alcohol. The figures presented in Table [X indicate that the ace- 
tone-insoluble lipide fraction from Fraction C-2 is composed predominantly 
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(about 64 per cent) of phosphatides containing free amino groups. The 
analysis of this lipide fraction by the ninhydrin method (31) revealed the 
absence of combined amino acids. Insufficient amounts of the acetone- 
insoluble lipide from Fraction C-11 precluded a more detailed analysis of 
this fraction, but the N and P figures indicate a marked similarity with the 
corresponding fraction from Fraction C-2. 

The lipide fractions soluble in acetone were dissolved in dry ether, the 
solutions were centrifuged, and the supernatants evaporated to dryness, 
when almost colorless crystalline residues were obtained. These fractions 
consisted mainly of free fatty acids. With the customary separation by the 
lead salt-aleohol procedure (32), the lead salts insoluble in alcohol were 
washed six times in the centrifuge with small portions of cold ethyl alcohol, 
until the excess of lead acetate was removed completely, and finally re- 
crystallized from the same solvent. The acetone-soluble lipides (14.8 mg.) 
from Fraction C-11 yielded 11.5 mg. of crude lead salts and 9.2 mg. of the 


TaBLe IX 
Lipides from Fractions C-11 and C-2 








| Proportion 

















Fraction Lipide fraction iy N P N:P Cn iP)) 
| per cent per ceni per cenl per cent 
C-1l | Acetone-soluble H.6 
| Acetone-insoluble 42.8 1.78 | 3.75 1.05 
C2 | Acetone-soluble 59.4 
| Acetone-insoluble 39.8 1.80 | 3.91 | 1.02 1.16 








recrystallized product melting at 106-107°; those from Fraction C-2 
(60.3 mg.) gave 37.3 mg. of crude and 31.6 mg. of purified lead salts which 
melted at 105-106° and contained Pb 29.6 per cent (calculated for lead 
palmitate, (C,sH3,;02)2Pb, 28.9 per cent). The solid free fatty acids re- 
covered from the lead salts from Fraction C-11 weighed 5.9 mg., melted at 
57-57.5°, and had a neutralization equivalent of 256; those from Fraction 
C-2 weighed 17.3 mg., melted at 57—57.5°, and had a neutralization equiva- 
lent of 259. (Required by palmitic acid, CisH20., melting point 62.9°, 
neutralization equivalent 256.4.) 

The liquid fatty acid fractions (contaminated with small amounts of 
neutral fat), recovered from Fractions C-11 and C-2 respectively, weighed 
5.5and 21.2 mg. The color reactions for steroids were negative. 


* All melting points, reported without correction, were determined by means of an 
electrically heated stage. Lead myristate melts at 108.7°, lead palmitate at 112.3°, 
lead stearate at 115.7° (33). 
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Phosphorylated Constituents 


Both antigenic preparations contained 2.1 to 2.5 per cent of phosphors 
(Table II), all of which was in organic linkage. The course of the liberg. 
tion of phosphoric acid, presented in Table X, was followed with 1.0 mg. 
samples which were heated at 100° with 2 cc. of 1 N HCl in sealed tubes for 
varying time intervals. The mixtures were cooled, neutralized, filtered, 
and the inorganic P was determined in the filtrates. 

These experiments revealed one interesting fact; namely, the presence ip 
both antigens of a portion of the phosphoric acid in a linkage extremely 
labile to acids. Within 7 minutes, 18 and 17 per cent of the total P eon. 
tained in Fractions C-11 and C-2 respectively were hydrolyzed by 1 n HC 


TABLE X 


Liberation of Phosphoric Acid from Fractions C-11 and C-2 by Acid Hydrolysis 
(w HCI at 100°) 























Inorganic P liberated 
Duration of hydrolysis 
Fraction C-11 Fraction C-2 
hrs. per cent | per cent of total P | per cent per cent of total P 
0 0 0 0 0 
0.12 (7 min.) 0.46 18 a 0.42 17 
0.5 0.59 24 0.47 19 
l 0.69 28 0.59 24 
3 0.84 34 0.77 31 
7 1.14 | 46 | 0.95 38 
15 1.48 59 1.20 48 
23 1.75 | 70 | (1.87 55 
35 2.01 81 1.61 66 
47 2.17 | 87 1.78 7 
Complete digestion 2.49 | 100 2.48 100 





at 100°. The remainder of the phosphoric acid was apparently attached in 
a different type of linkage which was broken by acid only very gradually; 
even after 47 hours the liberation of inorganic P was not complete. The 
figures presented in Table X demonstrate the similarity in the rates of 
hydrolysis of the phosphorylated constituents of both antigens. 

The inactivity of acid molybdate in catalyzing the dephosphorylation 
excluded the presence of creatine phosphate (34) or of acyl phosphates 
(35), nor did the antigens exhibit the behavior toward acid hydrolysis 
characteristic of phosphoarginine (36). 

A preparation of purified beef intestinal phosphatase (37), obtained 
through the courtesy of Dr. G. Schmidt of the Boston Dispensary, failed to 
split off any phosphoric acid from Fractions C-11 and C-2 within 18 hours 
at pH 9.2 and 37°. The same enzyme preparation hydrolyzed -glycer0- 
phosphoric acid to the extent of 94 per cent. 
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Amino Acid Composition 


Qualitative chemical tests, referred to in a preceding section, indicated the 
presence in both Fractions C-11 and C-2 of a protein or a polypeptide. 
Tyrosine, tryptophane, and histidine appeared to be absent. 

The values presented in Table XI were determined following the hydroly- 
sis of samples with 6 N hydrochloric acid for 16 hours at 100°. Less drastic 
hydrolytic conditions gave much lower figures for amino N, a-aminoacid N, 
and amino sugar. The neutralized hydrolysates, clarified by centrifuga- 
tion, served for the estimation of seven amino acids, listed in Table XI, 
that comprised about 44 per cent of the total a-amino acid N of the two 
antigen fractions. ‘ 




















TaBLe XI 

Amino N, a-Amino Acid N, and Amino Acid Contents of Fractions C-11 and C-2 

| Fraction C-11 Fraction C-2 

) } 

| per cent | hey romine. per cent = aN” | ‘came 
Amino N..... 4.1 81 4.4 86 
a-Amino acid N (ef. 
Sa es e . 2.4 47 
Ci itinéeceses-eek en - jee 4.6 1.1 68 i. BF 
Glutamic acid .......... 1.6 | 3.0 10.9 3.0 5.6 11.9 
.......5....1 2 | 2.7 | 9.9 1.7 3.6 | 7.6 
Leucine........ , Ce I 1.3 4.6 1.5 3.2 6.7 
ees a | Ld Bl 05 | 1.9 2.0 
Phenylalanine.......... 0.6 13 | 3.6 Let Le 3.5 
Proline... .. eye i ee ee 7 | 4.1 8.6 





The values for arginine were determined by the method of Brand and 
Kassell (38). For the assays of glutamic acid, phenylalanine, and isoleucine, 
performed by means of Lactobacillus arabinosus, we are obliged to Dr. E. 
Brand and Dr. L. Saidel of this Department. The bacterial growth was 
measured turbidimetrically (39-41). Lysine, proline, and leucine were 
determined with the help of the corresponding deficient mutant strains of 
Neurospora crassa. The procedure described for leucine by Ryan and 
Brand (42) was followed, except for the use of smaller amounts. Sterilized 
samples of the neutralized hydrolysates and parallel samples of /-lysine, 
Lproline, and /-leucine, covering a concentration range up to 50 7 ina total 
volume of 5.0 cc. of modified Fries medium (42), were placed in 10 cc. test- 
tubes and inoculated with the corresponding mutant strains. The cul- 


* We are greatly indebted to Dr. F. J. Ryan of the Department of Zoology for his 
helpful cooperation in these assays. 
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tures were incubated at 30° for 8 days and the mycelia separated by cep. 
trifugation, washed with water, and dried to constant weight at 109° 
Standard curves, relating mycelial weights to known quantities of the aming 
acids, served for the estimation of the contents of the hydrolysates. 


Determination of Acetyl Groups 


Method—The procedure, based on the principle of isotope dilution, was 
tested with a specimen of N-acetyl-d-glucosamine prepared by synthesis 
(43). This preparation melted at 206-207° (with decomposition) and cop. 
tained N (Dumas) 6.29 per cent; calculated for CsHisOgN (221.2), N 6,33 
per cent. Its rotation (1 per cent aqueous solution, at equilibrium) was 
[a]? = +39.5°. 

A solution of 102.4 mg. of N-acetyl-d-glucosamine (0.46 mM) and of 3.976 
mg. of labeled sodium acetate (containing 9.8 atom per cent C™ excess, 77 
atom per cent deuterium excess, corresponding to a molecular weight of 
84.5)'° in 5 ec.of N sulfuric acid was heated in a sealed tube for 2} hours ina 
boiling water bath. The cooled hydrolysis mixture was transfered to an 
all-glass steam distillation apparatus with the aid of 15 cc. of N H:SO, and 
subjected to steam distillation at constant volume for 30 minutes until 100 
ec. of distillate had collected. The distillate was vigorously shaken with 
900 mg. of silver carbonate for 5 minutes, and the filtrate was concentrated 
under reduced pressure to a volume of 10 cc., clarified, and chilled follow- 
ing the addition of 2 volumes of ethyl alcohol and 1 volume of ether. The 
silver acetate, washed with alcohol and ether and dried in vacuo, weighed 
41.7 mg. (corresponding to a recovery of 48.9 per cent of the total acetic 
acid present). 

For analysis, 20.56 mg. of the silver acetate preparation were burned ins 
stream of oxygen; the vapors were passed through cupric oxide heated to 
600° and then through saturated barium hydroxide. The precipitated 
barium carbonate was washed and converted to CO, which was analyzed 
for its C* content in the mass spectrometer.!® The residue of metallic 
silver remaining after the combustion of the silver acetate was weighed. 
The customary calculations (44) served for the evaluation of the isotope 
dilution. The sample of N-acetyl-d-glucosamine was found to contain 
0.46 mM or 19.9 mg. of acetyl. 


C;H,O.Ag (166.9). Calculated. Ag 64.7 


Found. * 64.8, C™ excess 0.907 atom % 
CsH s0,N (221.2). Caleulated. CH;CO 19.5 
Found. oa 7 





1° We are indebted to Dr. D. Rittenberg for samples of the labeled sodium acetate 
and for valuable advice concerning the measurements. We also thank Mr. I. 
Sucher of this Department for carrying out the C™ analyses. 
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Acetyl Content of C-11 and C-2—For the determination of the acetyl 
content, the antigenic Fractions C-11 and C-2 were first freed of lipides by 
extraction with alcohol-ether (1:1) as described above. The conditions of 
acid hydrolysis (N sulfuric acid, 3 hours at 100°) were known to insure the 
maximum liberation of reducing sugars, the complete deacetylation of 
N-acetyl amino sugars, and the liberation of possibly present O-acetyl 
which, in general, is more easily hydrolyzed (45). 

For acetyl determination, mixtures of 976 mg. of Fraction C-11 (free of 
lipides) and 9.136 mg. of the labeled sodium acetate (see above) and of 797 
mg. of Fraction C-2 (free of lipides) and 4.757 mg. of labeled sodium acetate 
were each hydrolyzed with 20 ec. of nN H,SO, at 100° in sealed tubes for 24 
hours. The dark brown hydrolysis mixtures were filtered through sintered 
glass filters, the residues were washed with N H,SQ,, and the combined 
filtrates and washings subjected to steam distillation for 30 minutes at 
constant volume. The distillation residues served for the subsequent 
isolation of carbohydrates which will be discussed later. The separation of 
silver acetate, carried out as described in the first portion of this section, 
yielded 121.6 mg. of silver acetate from Fraction C-11 and 30.8 mg. from 
Fraction C-2. 


C,H,O.Ag (166.9). Calculated. Ag 64.7 
Found. Fraction C-ll. ‘* 64.6, C™ excess 0.70 atom % 
“cc oe a “e 64.8, “e ae 1.21 “ce % 


The acety! values found were 6.18 per cent for Fraction C-11 (lipide-free) 
and 6.01 per cent for the intact fraction; 2.16 per cent for Fraction C-2 
(lipide-free) and 1.92 per cent for the intact fraction. 


Amino Sugar Content 


Estimation of N-Acetyl Hexosamine—The Zuckerkandl procedure (43) 
as modified by Morgan and Elson (46) was employed. The application of 
this method to polysaccharides is restricted by the fact that the presence of 
the free aldehyde group in the acetylated amino sugar is required (47). 
Although the glycosidic linkage in a N-acetylated hexosaminide appears 
to be broken with greater ease by acid than the N-acetyl bond (48), the 
values obtained for the N-acetyl hexosamine content of a polysaccharide 
tan have only qualitative significance. 

The hydrolysis of the antigenic Fractions C-11 and C-2 with n acid at 100° 
for 3 hours produced maximum reducing values (compare Table XII), but 
the hydrolysates contained no N-acetyl hexosamine when examined by 
quantitative colorimetry. Following a hydrolysis for 30 minutes only, 
however, when about two-thirds of the maximum reducing values were 
obtained with both fractions, strong reactions for N-acetyl hexosamine 
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were found." The values included in Table XII show that about 42 per 
cent of the total hexosamines of Fraction C-11 (calculated as glucosamine) 
and 58 per cent of those of Fraction C-2 remained in the acetylated form 
following this partial hydrolysis. 

The acetyl values reported in the preceding section, viz. 6.0 and 1.9 per 
cent in Fractions C-11 and C-2 respectively, would correspond to 25 and§ 


TasBLe XII 


Comparison of Rates of Liberation of Phosphorus, Reducing Sugars, and Amino Sugan 
by Acid Hydrolysis of Fractions C-11 and C-2 








Conditions of 











Fraction otiaaniacadesdiaadl | Inorganic P eng 4 N-Acetylhexos- | Hexosamine 
Normality] giucose) amine | (as glucosamine) 
of HCl Duration 
| Ars. | per cent otal P per cent | per cent oh fata per cont | ft 
| 
Sl te oto fs 2.7 | 0 olol!® 
0.12 | 0.46! i8 | 21.2 14] 6 
0.5 | 0.59! 24 28.7 | 12 2s | 24am 
1 =| 0.69] 28 33.7 2.7 | 1 
2 36.0 3.1 | B 
3 0.84 34 37.5 0 0 | 3.4 | 15 
4 | 36.3 | 
zz 8 1.29 52 | | | 10.7 48 
yh | 16 2.47 9 | 29.2 | / 23.0 | 10 
24 | 25.8 | 21.6 4 
ce ia 0 0 o | 26} © | O | 040} 4 
0.12 | 0.42 7 | M41 | 0.95 9 
0.5 | 0.47] 19 | 18.4 ) 8 | 8 | 15] 
l 0.59 24 | 21.4 1.7 15 
2 | 25.2 | | | 18 | 1 
3 0.77} 31 | 2.2] 0 | oO | 18] B 
4 | 24.9 
4 8 1.19; 48 | | | 6.6 59 
6 16 2.45 99 | 17.8 | 11.2 100 
24 | 15.0 | | 10.6 95 














per cent of hexosamine if all the acetyl were linked to amino sugar N ia 
these fractions. The actual hexosamine content of different preparations 
of Fraction C-11 lay between 23 and 24 per cent, that of Fraction C2 
between 10 and 11 per cent (compare Table II). The agreement is close 
enough for the assumption that all the amino sugar present in the antigens 


1! The colorimetric determinations were carried out in a Klett-Summerson photo 
electric colorimeter with a No. 54 filter. 
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carried acetyl on its amino group. That at least a portion of these amino 
sugars consisted of d-glucosamine will be shown later. 

Estimation of Total Hexosamine—In the colorimetric determination of 
amino sugars (23, 49) by successive treatment with acetylacetone (50) and 
p-dimethylaminobenzaldehyde, both the amino and the aldehyde groups 
have to be free. 

The ease with which free amino sugars are produced in the hydrolysis of 
amino polysaccharides varies considerably. While in several instances 
complete liberation of the amino sugar has been observed upon brief hy- 
drolysis with N acid, other polysaccharides have proved extremely resistant. 

The procedure for the determination of the hexosamine content of the 
Proteus fractions followed, with a number of modifications, the adaptation of 
the Elson and Morgan method (23) described by Palmer et al. (49). The 
most important deviation from the method prescribed by these authors 
consisted in the conditions of hydrolysis. The establishment of a detailed 
hydrolysis curve permitted the definition of conditions leading to the maxi- 
mum recovery of hexosamine. Hydrolysis of Fractions C-11 and C-2 with 
4y HCl for 8 hours (49) gave rise to only about half of the total hexosamine 
contained in these fractions (compare Table XII). A much more vigorous 


hydrolysis proved necessary. 
Samples containing 10 to 50 y of hexosamine were hydrolyzed with 0.5 cc. 


_ of 6 HCl in sealed tubes for 16 hours at 100°. The opened tubes were 


placed in an ice bath, a small drop of 0.05 per cent phenolphthalein was 
introduced, and 3 N NaOH was carefully added in small portions until the 
frst indication of alkalinity.“ The solution was neutralized with a few 
drops of 0.01 nN HCl and diluted to 5 cc. Duplicate 2.0 ce. aliquots were 
placed in 5 ec. glass-stoppered volumetric flasks (Pyrex), 0.5 cc. of the al- 
kaline acetylacetone reagent (49) was added, and the stoppered flasks were 
placed upright in a boiling water bath for 30 minutes. Standard samples 
of glucosamine were always included for comparison. The remainder 
of the analysis followed the procedure of Palmer et al. (49). The sam- 
ples were read in the Klett-Summerson photoelectric colorimeter with No. 
Mfilte. . 

With regard to interference by other substances (cf. (23)) some experi- 
ments were carried out with mixtures of sugars and amino acids, in the 
presence and absence of glucosamine. Neither amino acids nor sugars 
ilone interfered with the determination of glucosamine. A mixture of 30 
vof glucose and 20 y of glycine, however, gave rise to a color equivalent to 
25 y of glucosamine. When these quantities were quintupled, a color 
corresponding to only 4.0 y of glucosamine developed. A mixture of 150 


"A slight overneutralization of the well chilled hydrolysate did not affect the 
results. 
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vy of glucose and 100 of glutamic acid equaled the color given by 3.3 yg 
glucosamine. The interference exerted by these substances may, therefore 
normally be disregarded unless their proportion to that of the amino sugay 
is exceptionally unfavorable. 

The rates of liberation of phosphorus, reducing sugars, and N-acetyl anj 
free amino sugars in the course of the acid hydrolysis of Fractions C-11 an 
C-2 are compared in Table XII. These values manifest a remarkabh 
parallelism in the rates of liberation of inorganic P and of hexosamine 
The complete liberation of the organically bound P appeared to be a requisi 
for the arrival at maximum hexosamine values. About half of the tot 
amino sugar was liberated as the N-acetyl derivative after a 30 minute 
hydrolysis with N acid. Hydrolysis for 8 hours with 4 N acid, however, was 
required for the liberation of the same amount of amino sugar in the free 
form. It is clear that this apparent discrepancy cannot be due to the 
resistance of the N-acetyl group to acid hydrolysis, since a 3 hour hydrolysis 
sufficed for complete deacetylation without a corresponding liberation ¢ 
free hexosamine; nor can it be due to the destruction of the deacetylated 
amino sugar, since free glucosamine is stable toward acids (cf. (51)). The 
best explanation, if the parallelism in the liberation of P and of hexosamine 
is taken into account, consists in the assumption that the Proteus antigens 
contain phosphorylated amino sugars in which, before dephosphorylatioa 
(to which they are particularly resistant) has taken place, the condensation 
with acetylacetone is inhibited. 


Carbohydrate Constituents 


The results presented in Table XII demonstrate that Fractions C-11 and 
C-2 contained 14.5 and 14.0 per cent respectively of reducing sugars in 
addition to hexosamine. The qualitative tests reported above made the 
presence of significant amounts of sugars other than aldohexoses appear 
unlikely. The attempt to characterize the component carbohydrates by 
isolation of suitable derivatives was preceded by orienting experiments 
the behavior of the hydrolysis mixtures toward fermentation by baker’ 
yeast. : 

Fermentation Experiments—Suspensions of 200 mg. of washed baker’ 
yeast cells in 1.0 cc. of water were incubated at 37° with 4.0 cc. of an aqueous 
solution of 1.5 mg. of a known sugar or with 4.0 cc. of a neutralized hydro 
ysate (3 hours, N HCl) of Fractions C-11 or C-2. Following incubatio 
periods of 15 minutes and of 3 hours, the suspensions were clarified by cet 
trifugation and aliquots were analyzed for remaining reducing sugar by the 
Hagedorn-Jensen method. The necessary controls with yeast in the ab- 
sence of substrates were, of course, included. The results, summarized ia 
Table XIII, show that in both Fractions C-11 and C-2 the bulk of the 
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ducing sugars present resisted enzymatic degradation; they probably con- 
sisted of galactose and glucosamine. The small portion of fermentable 
sugars resembled d-glucose most closely in its behavior toward yeast." 
Isolation of Mannose and Galactose from Fraction C-11—The acidic hy- 
drolysates (3 hours, N H,SO,) employed in the acetyl determinations 
described above served, after the removal of acetic acid by steam distillation, 
for the isolation of sugar derivatives (22) from both Fractions C-11 and C-2. 
following extraction with petroleum ether, which yielded practically no 
residue, the aqueous phase was brought to pH 7.1 by the addition of 
saturated barium hydroxide with vigorous stirring in the cold. Charcoal 
was added and the mixture was filtered through a thin layer of diatomaceous 
earth. The filtrate was made slightly acid with glacial acetic acid, con- 











TasBLe XIII 
Fermentation by Yeast 
Substrate | Fermentation 
Weight After 15 min. After 3 hrs. 
mg. | per cent per cent 
Fraction C-11 | 9.50 (neutralized hydrolysate con- 3.9 12.4 


| 

taining 3.56 mg. reducing sugars, 

| ealeulated as glucose) | 
| 


» C2 | 9.51 (neutralized hydrolysate con- 3.3 12.5 

| taining 2.40 mg. reducing sugars) | 
d-Glucose 1.5 33.4 98.8 
d-Mannose 11.5 3.0 | 98.4 
d-Galactose 1.5 0 3.0 
Glucosamine | 1.5 os 6]. 





centrated below 30° under reduced pressure, and brought exactly to 100 ce. 
The hydrolysate obtained in this manner from Fraction C-11 was found to 
contain 284 mg. of reducing sugars (calculated as glucose) which included 197 
mg. of hexosamine (calculated as glucosamine, determined by additional 
hydrolysis with 6 N HCl for 16 hours). 

An aliquot of this hydrolysate (containing 220 mg. of reducing sugars or 
68 mg. of non-nitrogenous aldohexoses) was concentrated to 1 cc.under 
reduced pressure. The addition of 150 mg. of freshly distilled phenyl- 
hydrazine in 25 per cent acetic acid led to the deposition of a small amount 
of crystalline material which after five recrystallizations from 60 per cent 
tthyl alcohol yielded 0.9 mg. of white prisms melting with decomposition 


*d-Glucosamine is usually found not to be fermented by yeast (cf. e.g. (52)). The 
mason for the disappearance of a small portion of the amino sugar in the experiment 
included in Table XIII cannot be stated. 
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at 197-198°. The mixture of this substance with an authentic specimen ¢ 
d-mannose phenylhydrazone (m.p. 198-198.5°) melted at 197—198°. 

The filtrate from the mannose phenylhydrazone was freed of exces 
hydrazine by treatment with benzaldehyde in the customary manner 
The addition of 150 mg. of freshly distilled a-methylphenylhydrazine jp 
0.5 cc. of aleohol to the concentrated solution (0.5 cc.) brought about the 
formation of 43.7 mg. of light brown crystals. Pure d-galactose a-methy). 
phenylhydrazone was obtained after several recrystallizations from 30 per 
cent alcohol as shining plates which weighed 14 mg. and melted with 
decomposition at 188-189°. No depression of the melting point was ob. 
served on admixture of an authentic specimen of this hydrazone. 


Ci3H2O;sN2. Calculated. C 54.9, H 7.1, N 9.9 
284.3 Found. “Rs. @ 7.1, ** Cees) 9.7 


Isolation of Mannose and Galactose from Fraction C-2—The hydrolysate a 
Fraction C-2, prepared as described above for Fraction C-11, contained, in 
100 cc. of aqueous solution, 142 mg. of reducing sugars of which 85 mg. wer 
hexosamine, and after concentration yielded 1.6 mg. of an insoluble phenyl 
hydrazone which after two recrystallizations from 60 per cent alcohol gave 
0.5 mg. of the white prisms of d-mannose phenylhydrazone; its melting point, 
197—198° (with decomposition), was not depressed by admixture of a syn- 
thetic specimen. 

The filtrate furnished 28.6 mg. of a crude a-methylphenylhydrazone from 
which after six recrystallizations from 30 per cent alcohol 5.1 mg. of pure 
d-galactose a-methylphenylhydrazone were obtained, melting with decompos- 
tion at 187°. The melting point was not depressed in a mixture witha 
genuine sample of this compound. 


Ci,;Ha»OsNe (284.3). Calculated, N 9.9; found, (Dumas) 10.1 


Isolation of Glucosamine from Fractions C-11 and C-2—Of the several 
methods for the isolation of the hexosamine (52-54) the preparation of the 
Schiff base with 2-hydroxynaphthaldehyde (54) was chosen, as this pro- 
cedure is equally adaptable to glucosamine and chondrosamine. 

The filtrates from the methylphenylhydrazones were freed of exces 
hydrazine by treatment with benzaldehyde and benzoic acid and evaporated 
to dryness in vacuo. The residues (from Fractions C-11 and C-2) wer 
each subjected to an additional hydrolysis with 20 cc. of 6 N HCl forlé 
hours at 100°, in order to effect the complete liberation of the amino sugar 
(compare Table XII). The clear, slightly colored solutions, obtained after 
treatment of the hydrolysates with norit and filtration through diatom® 
ceous earth, were concentrated and freed of HCl under reduced pressure. 

The final solutions (0.5 cc. volume) were adjusted to pH 5.0 by the add 








coe cro We = =| « 


SRB eBeetewms oa Se fe 


TEBPEISE FARBSESE ~ 





imen of 


LZine in 
Out the 


d with 
Was ob- 


ysate of 
ined, in 
ig. Were 
phenyl- 
ol gave 
Lom 
a syn- 


ne from 
of pure 
ymposi- 

with a 


several 
1 of the 


Mis pro- 


excess 
porated 
2) were 
1 for 16 
) Sugars 
ad after 


ssure. 
e addi- 








A. BENDICH AND E. CHARGAFF 307 


tion of KHCO; and 200 mg. of sodium acetate were added. The solution 
resulting from Fraction C-11 was treated with a solution of 600 mg. of 
freshly synthesized (55) 2-hydroxynaphthaldehyde (m.p. 82°) in 4 cc. of 
methyl alcohol, that from Fraction C-2 with 250 mg. of the same reagent. 
The mixtures were kept for 3 hours in the dark at room temperature and 
overnight in the refrigerator, taken to dryness under reduced pressure, ex- 
tracted three times with 6 cc. portions of chloroform-ether (2:1), dried, and 
extracted four times with 1 cc. portions of ice-cold water. The aqueous 
extraction removed considerable amounts of amorphous solids from which 
no definite compounds could be isolated. The water-insoluble fractions 
were yellow crystalline substances weighing 76 and 33 mg. from Fractions 
(-11 and C-2 respectively. Recrystallization from methyl] alcohol yielded 
in both cases pure 2-hydrorynaphthylidene-d-glucosamine, 38 mg. (from 
Fraction C-11) and 20 mg. (from Fraction C-2) of yellow plates. The 
derivative from Fraction C-11 melted with decomposition at 198-200°, 
that from Fraction C-2 at 200-201°. The mixtures with an authentic 
specimen of the Schiff base (m.p. 199-200°, with decomposition) melted at 
198-201° and 199-201° respectively. The specimens were dextrorotatory; 
laliieo = +212° (at equilibrium; in methyl alcohol). The equilibrium 
rotation reported in the literature (54) is [a] 541 = +217°. 


CywH,,0;N. Calculated. Cc 61.3, H 5.8, N 4.2 
333.3 Found. Fraction C-1l. ‘ 61.1, ‘‘ 6.0, ‘* (Dumas) 4.1 
” ” C-2. “ 61.2, * 60 


DISCUSSION 


The studies presented in this paper show that two antigenic fractions, 
amounting together to somewhat more than 4 per cent of the dry micro- 
organisms, can be prepared from Proteus OX-19 either following its dis- 
integration by tryptic digestion or, preferably, by extraction with dilute 
trichloroacetic acid. The major part of the chemical investigations re- 
ported here was carried out with material isolated from the trichloroacetic 
acid extracts. The outstanding immunological properties of Proteus OX-19 
were retained in these extracts: they gave specific precipitation with antisera 
to Proteus OX-19 and with convalescent typhus sera. 

The separation of the two antigenic fractions was based on the large 
particle size of the substance endowed with specificity to both Proteus and 
typhus sera (designated Fraction C-2) which rendered it sedimentable at a 
high centrifugal speed, whereas the other antigen (designated Fraction 
C-11), which possessed Proteus specificity only, remained in solution. Both 

ces were antigenic in the rabbit; their immunological properties 
are discussed in the experimental part. The course of the reaction, followed 
by quantitative methods, between the antigens and their rabbit antisera, 
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especially with respect to anti-Fraction C-11, was that of a typical antigen. 
antibody reaction (24). The sensitive serological test for the detection ¢ 
agar impurities in the bacterial antigens, described in this connection, may 
be of general interest. 

The antigenic fractions were electrophoretically homogeneous complexes 
composed of a lipide, a polysaccharide, and a protein portion. They 
obviously belong to the extensively studied series of somatic antigen com. 
plexes from Gram-negative bacilli ((16, 56-60); cf. also (4), p. 222). The 
structural function within the bacterial cell of these complicated substances 
is unknown; some of these antigens are known to occur as aggregates of 
large particle weight, sedimentable at high centrifugal speeds (58, 61). 

The two antigenic fractions of Proteus OX-19 were strikingly similar ip 
the chemical nature of their components, but there were several important 
quantitative differences. Perhaps the most important distinction was 
that Fraction C-2, the particulate antigen exhibiting cross-reaction with 
typhus sera, contained about 4 times as much lipide as the Proteus-specifie 
Fraction C-11. The lipides possibly serve to maintain the large particle 
size of Fraction C-2 in a manner similar to their réle in supporting the 
macromolecular structure of the thromboplastic protein (28, 62). Itis 
remarkable that the partial removal of the lipides from Fraction C-2 under 
relatively mild conditions results in the destruction of its typhus specificity 
without impairment of its reactivity with Proteus antiserum. Attempts to 
reconstitute the typhus reactivity by recombining the lipide portion with 
the rest of the antigen were unsuccessful. The degree to which the two 
Proteus antigens are related to each other cannot yet be decided; they con- 
ceivably represent two different states of polymerization of a basically 
identical chemical unit.* In what manner the large particle size and the 
high lipide content of Fraction C-2 contribute to its typhus specificity is 
unknown. 

The cross-reactivity with human convalescent typhus serum of Fraction 
C-2 is completely destroyed by heat, while its reactivity toward Protew 
OX-19 antiserum is but slightly impaired. This finding, which was made 
repeatedly with several preparations of Fraction C-2 as well as with the 
comparable, although less highly purified, Fraction T-2 from a tryptic 
digest, appears to contradict previous claims (12, 13) concerning the 
relative stabilities of the Proteus OX-19 antigens. The bacterial prod- 
ucts used in those stability tests lacked chemical characterization almost 
completely; so that no comparison with the substances discussed in this 


14 It may be of interest to recall that the extraction of a Gram-positive acid-fast 
organism, the avian tubercle bacillus, with 0.1 n trichloroacetic acid yields @ nom 
nitrogenous macromolecular polyglucossn together with a very similar polysaccha- 
ride of lower molecular weight (63). 
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paper is possible. The experiments on the disintegration of the antigens 
by various means, a selection of which is included in the experimental part, 
emphasize the resistance offered by these complexes to cleavage into their 
in and polysaccharide moieties. Treatment with glacial acetic acid 

to be the most promising method. 

The study of the constituents of the antigenic complexes requires, with a 
few exceptions, no extended comment. As mentioned before, the bacterial 
fractions were. compounds between lipides (containing a high proportion of 
free fatty acids) and phosphorylated polysaccharide-protein complexes. 
About one-half of the amino acid nitrogen of the protein moiety was 
accounted for by the quantitative estimation of seven amino acids; aro- 
matic amino acids seemed to be absent. The polysaccharide portion was 
found to be composed of N-acetyl-d-glucosamine, which formed the bulk of 
the carbohydrates, together with d-galactose and very smail amounts of 
d-mannose. Acetylglucosamine and galactose are often encountered as 
components of heterogenetic antigens (cf. (4), p. 232). Fermentation ex- 
periments indicated the presence of a small amount of glucose; the isolation 
of this sugar, difficult under the experimental ‘conditions, was not 
attempted. 

Attention should be drawn to two features connected with the presence of 
phosphorus in the antigenic fractions. One has regard to the existence of a 
portion of the organically bound phosphoric acid in a linkage that proved 
extremely labile to acid. The other noteworthy feature relates to the 
possible occurrence in the antigens of phosphorylated amino sugar. A 
comparative study of the rates of liberation of various components in the 
course of the acid hydrolysis of the antigens revealed that maximum values 
for hexosamine could not be obtained before all the organically bound P 
had been liberated. An extremely long hydrolysis period with 6 n HCl 
was found necessary. The conclusions from these results were drawn be- 
fore in this paper, but it should be pointed out that other instances have 
been recorded, although not expressly noted, in the literature in which a 
similar situation seems to prevail. For example, the ease with which the 
amino sugars are liberated from the capsular polysaccharide of pneumo- 
coccus type XIV (64) and from the blood group A-specific substances 
(47, 64), all phosphorus-free compounds, could be contrasted with the 
refractory behavior of the C and F polysaccharides of pneumococcus type 
I (65), containing about 4.5 per cent of P, in which, it would seem, only a 
portion of their amino sugar was liberated under the hydrolysis conditions 
employed. The observations on the Proteus antigens, presented here, 
emphasize the importance of establishing complete hydrolysis curves with 
the aid of which the maximum recoveries of the various constituents can 
be correlated. 
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It is not yet possible to decide to what extent the experiments outlined 
here bear on the general problem of the chemistry of heterogenetic antigens, 
However, inasmuch as Fraction C-2 from Proteus OX-19, which exhibits 
cross-reactivity with convalescent typhus sera, appears to be the Proteys 
agglutinogen involved in the Weil-Felix reaction (1-3), it will be of great 
interest to compare its properties with those of the Rickettsia fraction re. 
sponsible for the production of agglutinins for Proteus OX-19. The treat. 
ment of human convalescent typhus serum with Fraction C-2 results in the 
removal of the Weil-Felix agglutinins. Moreover, rabbit antiserum to 
Fraction C-2 is a potent agglutinating serum for Rickettsia prowazekj. 
It therefore can hardly be doubted that some relationship exists between 
the heterogenetic factors of Proteus and of Rickettsia, but whether this 
affinity is founded on composition, size, organization, or other properties 
cannot be discussed before more information on the chemistry of rickettsial 
constituents has become available. 


The authors take pleasure in recording their indebtedness to Dr. M. 
Heidelberger for valuable advice. They also wish to thank Mr. W. Saschek 
for several microanalyses and Miss Adele Karp for help with the preparation 
of some of the starting material. 


SUMMARY 


Two antigens from Proteus OX-19 , an organism known to be agglutinated 
by typhus convalescent sera, have been prepared and characterized in 4 
variety of ways. The extraction of the microorganisms with trichloroacetic 
acid (or, less effectively, their digestion with crystalline trypsin) yields two 
antigenic fractions, different in immunological specificity and in particle 
size, but rather similar in chemical composition. A heavy particulate 
fraction (C-2) sedimentable at high centrifugal speeds, is endowed with 
specificity to typhus sera as well as to Proteus antisera; a lighter fraction 
(C-11) possesses Proteus specificity only. Both fractions, which ar 
homogeneous electrophoretically, are phosphorylated lipocarbohydrate- 
protein complexes. The typhus-reactive Fraction C-2 loses its precipita- 
bility by typhus sera when heated or freed of lipides. 

The study of the chemical composition of the antigens revealed them a 
complexes consisting of (a) lipides (with a high porportion of free fatty 
acids), (b) a protein (including arginine, lysine, glutamic acid, leucine, is 
leucine, proline, and phenylalanine, but probably free of histidine, tyrosine, 
and tryptophane), (c) a polysaccharide (containing N-acetylglucosamine, 
mannose, galactose, and perhaps glucose). Part of the organically bound 
phosphorus is present in the form of an extremely acid-labile linkage. 

In connection with the presentation of a modified method for the estima 
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tion of amino sugar, the evidence for the occurrence in these antigens of 
N-acetylglucosamine containing phosphoric acid in ester linkage is discussed. 

A method for the quantitative determination of acetyl groups by means 
of isotope dilution and a sensitive serological test for the detection of agar 
impurities are likewise presented. 
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COLORIMETRIC DETERMINATION OF METHION®NE IN PRO- 
TEINS AND FOODS 
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(From the Bureau of Human Nutrition and Home Economics, Agricultural 
Research Administration, United States Department of Agriculture, 
Washington) 


(Received for publication, July 16, 1946) 


Most of the earlier methods for the quantitative determination of 
amino acids are applicable only to purified proteins. Interfering reactions 
with non-protein substances, particularly carbohydrates, preclude their use 
for determining amino acids in foods. Great interest has recently 
developed in the amino acid content of foods, particularly the so called 
nutritionally essential amino acids. Methods for their determination in 
foods, therefore, assume increasing importance. 

McCarthy and Sullivan (1) described a colorimetric method for the 
determination of methionine in isolated proteins. This method was later 
modified by Hess and Sullivan (2). When applying their method to pro- 
tein foods, we encountered difficulties in its general application. The 
present paper describes procedures whereby these difficulties have been 
overcome. Closely agreeing results have been obtained with acid hydroly- 
sates and papain digests of the same proteins and foods. The values are 
also in close agreement with those obtained for the same materials when 
determined by a microbiological method.! 


EXPERIMENTAL 


Effect of Temperature on Color Development—The colorimetric method 
of MeCarthy and Sullivan includes the following procedure: To the protein 
hydrolysates, made strongly alkaline with sodium hydroxide, is added 
lec. of 1 per cent solution of glycine followed immediately by 0.3 cc. of 
10 per cent sodium nitroprusside solution. The mixture is heated for 10 
minutes at 35-50°, and then strongly acidified by addition of a mixture 
of hydrochloric and phosphoric acids. The methionine is determined 
colorimetrically. The authors state that less color was developed when 
the temperature was maintained below 35°. The glycine was added to 
inhibit color formation with other amino acids. Hess and Sullivan sub- 
sequently modified the procedure by making the hydrolysates less strongly 
alkaline, and by using 20 per cent hydrochloric acid instead of the mixture 
of hydrochloric and phosphoric acids. 


‘ The microbiological method is described in the paper immediately following. 
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When applying the procedure to protein material containing carbohy. 
drate, we observed that greenish blue colors frequently developed instead 
of the red color characteristic for methionine. This difficulty was avoided 
by carrying out the reaction at room temperature instead of at 35-50° 
and by using phosphoric acid instead of hydrochloric acid. That the same 
color intensity is developed by allowing the solution to stand for 10 minutes 
at room temperature as by heating it at 35-50° was demonstrated by the 
following series of tests: 0.1 ec. of a 10 per cent solution of nitroprusside 
was added to aqueous solutions of methionine at concentrations ranging 
from 0.0 to 1.0 mg. Readings made with an Evelyn colorimeter showed 
practically the same color transmissions after the solutions had been heated 
for 10 minutes at 50° as when they were allowed to remain for the same 


TaBLe I 
Effect of Temperature on Color Transmission 














Transmission*® 
Methionine 
Room temperature | Heated at 50° 
me. 
0.0 Sl 8l 
0.2 63 | 64 
0.4 51 | 50 
0.6 41 | 42 
0.8 31 | 32 
1.0 25.5 26 





* These figures, on a scale of 100, show relative transmissions, the transmission 
with distilled water being set at 100. 


time at room temperature (Table I). It was also found that phosphone 
acid could be substituted for hydrochloric acid. 

Effect of Glycine on Color Intensity—The presence of glycine, added a 
already in the hydrolysate, reduced color intensity. With the same amount 
of methionine, decreasing intensities of color were obtained by adding 
increasing amounts of glycine until the red color was discharged. This 
effect arises from the difference in the velocity of reaction between methic- 
nine and nitroprusside, and between glycine and nitroprusside. Conse 
quently, the glycine originally present in a hydrolysate causes a decrease 
in color intensity as does also the glycine added to reduce any extraneous 
colors from other amino acids. In order to provide enough nitroprusside 
to react with the methionine and still have enough glycine to eliminate 
extraneous colors, it was found necessary to add 0.1 ec. of 10 per cent 
sodium nitroprusside solution and 2 cc. of 3 per cent glycine solution. 
0.2 ce. of nitroprusside required 4 cc. of glycine, and 0.3 ce. of nitroprusside 
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required 6 cc. of glycine. Table II shows a direct relationship between the 
nitroprusside and glycine. For example, 0.6 mg. of methionine gave a 
transmission reading of 70 when the amounts of nitroprusside and glycine 
were increased proportionally. 

Maximum transmission readings could not be obtained when the glycine 
was added immediately after addition of the nitroprusside. It was neces- 
sary to allow 10 minutes for the nitroprusside to react before adding the 


Tase II 


Effect of Glycine on Color Transmission When Amounts of Nitroprusside Remain 
Constant (Amount of Methionine Used, 0.6 Mg.) 



































Glycine Nitroprusside (10 per cent solution) 
(3 per cent solution) 
0.1 cc. 0.2 ce. 0.3 ce. 
ce. 
1 60 50 42 
2 70 62 53 
3 75 67 60 
4 80 70 67 
6 81 70 
TaBie III 
Effect on Color Transmission of Delaying Addition of Glycine after Addition of 
Nitroprusside 
Transmission 
Methionine used 
Glycine added immediately Glycine addition delayed 10 min. 
mg. 

0.0 92.0 84.0 

0.2 84.5 70.0 

0.4 77.0 59.5 

0.6 70.0 50.0 

0.8 64.0 42.0 

1.0 57.5 35.5 








glycine (Table III). A further delay of 5 to 10 minutes did not affect the 
results; neither did the addition of more than 2 cc. of glycine as it does in the 
MeCarthy and Sullivan procedure. 

Effect of Other Amino Acids—All of the amino acids in a protein hydrol- 
ysate participate by contributing some color to the blank, and the addition 
of glycine does not remove all of this color. Were no methionine present, 
the hydrolysates of different proteins would doubtless give varying values 
for the blank readings. With the object of reducing the error from this 
source, use was made, for the preparation of a standard curve, of a solution 
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of nineteen amino acids (methionine excluded) in proportions similar to 
those in 100 cc. of a hydrolysate of 1 gm. of casein. The concentrations 
of the amino acids in this solution (Solution A) are given in Table IV. 
A 2 ce. quantity of the solution is comparable to 2 cc. of the protein hydro. 
ysates used in the analyses here reported. 


Taste IV 
Composition of Amino Acid Solution A (Mg. per 100 Cc.) 
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* A relatively high proportion of cystine was added, since casein contains less 
of this amino acid than most proteins. 


TABLE V 
Effect of Amino Acids Other Than Methionine on Color Transmission 











Transmission 
Methionine used 
Methionine alone Methionine + Solution A 
me. 
0.0 97 84 
0.2 77 70 
0.4 63 59.5 
0.6 52.5 50 
0.8 43 42 
1.0 35.5 35.5 














Table V shows the effect on color transmission of the amino acids i 
Solution A with increasing amounts of methionine as compared with that 
observed with the same amounts of methionine alone. The greatest effect 
occurred at low concentrations of methionine. With concentrations d 
methionine above 0.6 mg., the transmissions were practically the same. 

The amount of glycine in Solution A is small compared with that added 
during analysis and exerts very little effect. Fortunately, most proteins 
are low in glycine, and, with the method for methionine determination 
described here, the glycine would not cause appreciable error. 
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This method, however, cannot be applied to proteins containing a rela- 
tively high content of glycine and a low content of methionine. An acid 
hydrolysate of gelatin containing 25 per cent of glycine was found to make 
no contribution to the blank. Assuming that the glycine has to be free 
in the hydrolysate in order to produce the reducing effect, a papain digest 
of gelatin, in which the amino acids are in peptide union, should offer little 
or no difficulty. In fact, a papain digest of gelatin gave values for methio- 
nine agreeing closely with those obtained by the microbiological method. 

Preparation of Standard Curve—A standard methionine solution was 
prepared by dissolving 100 mg. of di-methionine in 5 cc. of 20 per cent 
hydrochloric acid and diluting this solution to 100 cc. with distilled water. 
Into one of two Evelyn colorimeter tubes were introduced 2 cc. of Solution 
A, 3 cc. of water, 1 cc. of 5 N sodium hydroxide, and 0.1 ec. of 10 per cent 
sodium nitroprusside solution. To the other tube were added 2 cc. of 
Solution A, 1 ec. of the standard methionine solution, 2 cc. of water, 1 ec. 
of sodium hydroxide, and 0.1 cc. of nitroprusside. After standing for 
10 minutes with frequent shaking, 2 cc. of 3 per cent glycine were added to 
each tube. The mixtures were allowed to stand for 10 minutes with 
frequent shaking. 2 cc. of concentrated orthophosphoric acid were then 
added to each tube slowly with constant agitation. After 5 minutes, the 
tubes were read in an Evelyn colorimeter provided with a No. 540 filter. 
A tube containing 10 cc. of distilled water was set at 100. Readings were 
taken for methionine at concentrations ranging from 0.1 to 1.0 mg. The 
logarithm of the readings plotted against concentration gave a straight line. 

Determination of Methionine in Proteins—The protein to be analyzed is 
first subjected either to acid hydrolysis or to digestion with papain. Es- 
sentially the same methionine values were obtained by both methods. 

The acid hydrolysis is accomplished by refluxing 1 gm. of the protein 
for 18 hours with 25 ec. of 20 per cent hydrochloric acid. After the hy- 
drolysate is concentrated to a volume of 5 cc., it is heated to boiling with a 
small quantity of norit. The mixture is filtered by suction and the residue 
thoroughly washed on the filter with hot water. The combined filtrate and 
washings are then made up to a volume of 100 cc. with distilled water. 

The papain digestion is carried out as described in a previous paper (3), 
with the exception that before the digest is made up to volume nitrogen is 
passed through the solution for 15 minutes to remove hydrocyanic acid. 
This step is essential; otherwise the cyanide will later reduce the intensity 
of the methionine color. 

For determination of methionine, 2 cc. duplicate samples of the acid 
hydrolysate, or papain digest, are pipetted into colorimeter tubes. To 
each tube are added 3 cc. of distilled water and 1 cc. of 5 N sodium 
hydroxide. To one of the tubes is added 0.1 ce. of nitroprusside. The 
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other tube is used for blank determination. The procedure is continued as 
described above for preparing the standard curve. 

Recovery Experiments—The accuracy of the method was checked by 
recovery of the total amount of methionine in an acid hydrolysate of 
arachin to which known amounts of pure methionine had been added, the 
methionine content of the hydrolysate having been previously determined. 
The results are given in Table VI. 

The methionine content of a number of proteins and foods determined 
by the procedures described is given in Table VII. For comparison, there 
are included values for the same materials determined by a microbiological 
method.! 

The proteins analyzed, with the exception of gelatin, were samples 
previously prepared by methods which have been described: arachin, 
conarachin, and total peanut globulins (22), cottonseed globulin (23), 


TaBLeE VI 


Recovery of Methionine Added to Hydrolysate of Arachin (Methionine in Arachin 
Hydrolysate, 0.07 Mg.) 

















Methionine added Total methionine Methionine found Recovery 
még. me. ms. | per cent 
0.2 0.27 0.26 96 
0.4 0.47 0.48 102 
0.6 0.67 0.68 101 
0.8 0.87 0.87 100 
1.0 1.07 1.05 98 








coconut globulin (24), edestin (25), ovalbumin (25), glycinin (26), lactal- 
bumin (27), phaseolin (28), ox muscle (25), wheat bran globulin (29), zein 
(23), and casein (30). With one exception, a!! of the foods analyzed were 
commercial products. The Brazil nut meal was prepared from nuts, ground 
and defatted in the laboratory. The results obtained by the three pro 
cedures for the same materials are in close agreement. They also agree 
well with those recently reported by others using microbiological methods. 
Earlier values recorded in the literature for several of the isolated proteins 
as determined by chemical methods are higher than those here reported. 


SUMMARY 


1. A colorimetric method is described for the quantitative determination 
of methionine in isolated proteins and foods. 

2. The method is applicable to acid hydrolysates and papain digests 
of proteins and foods. 

3. The methionine contents found for some thirty proteins and foods 
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Methionine Content of Various Proteins and Foods (Percentages Calculated on Basis 
of Ash- and Moisture-Free Material) 






































Methionine 
Colorimetric 
Material N determinations | Microbio- Values from literature 
a 5. 
hydvol- rain en 
ysates | 
per cent pereunt percent) per cent 
I . cccccccescces 18.30 0.31 | 0.35 0.24 | 0.54 (4), 0.67 (5), 0.77 (6), 
| 0.57 (7) 
eres 16.07 | 2.60 | 2.58 | 2.58 | 2.94-3.64 (1), 2.85 (8), 
3.50 (9), 3.12 (7), 3.50 
| (10), 2.6 (11) 
Conarachin..........°%.....| 18.20 2.24 | 2.24 2.13 | 2.12 (5) 
Cottonseed globulins..... 18.00 | 1.45 | 1.45 | 1.40 | 1.7-3.2(12)* 
Coconut globulin.........| 17.42 | 2.12 | 2.11 | 2.02 | 2.05 (13) 
Bdestin..................] 18.55 | 2.14 | 2.14] 2.12 | 2.07 (13), 2.3 (14), 2.52 
| (15), 2.1 (1), 2.30 (7) 
Ovalbumin (crystalline)..| 15.98 | 4.48 | 4.50 | 4.43 | 5.10 (9), 5.22 (16), 3.76- 
| | 4.58 (8), 4.1 (11) 
Gelatin (Bacto).......... 18.32 0.76 | 0.78 | 0.97 (13), 0.81 (7), 0.59 (11) 
Glycinin..................| 17.80] 1.20 | 1.20] 1.15 bret 
lactalbumin..............| 15.39 | 1.71 | 1.71 | 1.62 | 2.98 (7), 2.62 (9), 2.80 (16), 
| | | 24 (8) 
Peanut, total globulins...| 18.01 | 1.11 | 1.20} 1. 
Phaseolin (navy bean). ../ 16.07 | 1.21 | 1.26 | 1.12 | 
Ox muscle................ 16.00 | 2.75 | 2.66 | 2.75 | 3.66 (4), 3.3 (10), 3.17 (17), 
| 3.21 (7) 
Wheat bran globulin. .... 117.76 | 1.21} 1.21) 1.04 | 
RL oko ve secee | 16.00 | 1.62 | 1.60 1.41 | 2.32 (18), 1.68 (8) 
Barley, pearied et tice 1.86 | 0.10 | 0.13 | 0.12 | 0.13 (19) 
Brazil nut meal.......... 9.03 | 2.72 | 2.88 | 2.78 
Corn, whole yellow.......| 2.22 | 0.21 | 0.28 | 0.20 | 0.30 (19) 
“ germ,defatted......| 3.93 | 0.36 | 0.37} 0.35 | 0.57 (20) 
Cottonseed flour. ....... | 10.36 | 0.88 | 0.88 | 0.85 | 0.81 (19), 1.04 (20) 
Egg, whole, dried. ....... | 8.11 | 1.55 | 1.57) 1.39 | 
Milk, dry, skim......... | 6.57 | 0.89 | 0.85 | 0.89 | 0.87 (11), 0.93 (19), 0.87 
| | | (21) 
aa 2.73 | 0.20 | 0.19 | 0.18 | 0.20 (19), 0.39 (20) 
Peanut flour............. | 10.15 | 0.58 | 0.58 | 0.52 | 0.57 (20) 
Peas, black-eyed ......... | 4.15 | 0.26 | 0.27| 0.25 | 
Rice, white. ............. | 1.26 | 0.09 | 0.08 | 0.11 | 0.27 (20) 
Rye, whole............... | 1.98 | 0.13 | 0.14] 0.14 | 0.15 (11), 0.29 (20) 
Wheat, whole............ | 3.07 | 0.23 | 0.24 | 0.19 | 0.23 (11),0.23 (19) 
“germ, defatted.....| 6.50 | 0.56 | 0.50] 0.51 | 0.81 (20) 
Yeast, dried, brewers’... | 7.71 | 0.54 | 0.56 | 0.53 | 0.6 (11), 0.96 (20) 

















* Analyses on different globulin fractions. 
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determined chemically on both acid hydrolysates and papain digests are in 
close agreement. They also agree with values found for the same proteins 
by a microbiological method. 
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MICROBIOLOGICAL DETERMINATION OF METHIONINE 
IN PROTEINS AND FOODS 
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Research Administration, United States Department of Agriculture, 
Washington) 
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Kuiken and coworkers (1) reported that methionine is not essential for 
the growth of Lactobacillus arabinosus 17-5. Later, Hegsted (2), working 
with the same organism, found that growth failed when methionine was not 
present in the medium. He called attention to the apparent discrepancy 
in the results obtained in the two laboratories and stated that it was prob- 
ably due to the use of different strains of the organism. Hutchings and 
Peterson (3) obtained good growth of Lactobacillus casei without methio- 
nine, but found that it was essential for maximum growth. Shankman, 
Dunn, and Rubin (4) recommend Lactobacillus casei as most satisfactory for 
the determination of arginine, -glutamic acid, leucine, phenylalanine, 
tryptophane, tyrosine, and valine, but they do not include methionine. 
Recently, Dunn and coworkers (5) found that methionine can be assayed 
with Leuconostoc mesenteroides P-60. Stokes et al. (6) employed Strepto- 
coccus faecalis for the determination of methionine in several proteins and 
foods. 


EXPERIMENTAL 


Lactobacillus arabinosus 17-5 was used in the determinations described 
in this paper.! 

Basal Medium—tThe basal medium (Table I) contained nineteen amino 
acids in approximately the same quantities of the active isomers as they 
occur in 1 liter of an acid hydrolysate of 2 gm. of casein, supplemented with 
cystine and tryptophane in the amounts indicated. 5 cc. of this medium, 
diluted to 10 cc. with water and incubated for 72 hours, gave the same 
maximum titration (10 cc.) with 0.1 N sodium hydroxide as a similar 
medium in which the amino acids had been replaced by an acid hydrolysate 
of casein supplemented with cystine and tryptophane. 10 cc. of this 
hydrolysate represented 10 mg. of casein. 

Without methionine present, this medium gave a blank titration value 
of 1.5 cc. of 0.1 N lactic acid after 72 hours of incubation. After addition 


‘Obtained from the American Type Culture Collection, Georgetown University 
School of Medicine, Washington, D. C. 
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of methionine in the quantity indicated in Table I the medium gave the 
original maximum titration value of 10 cc. Increasing the quantities of 
the other amino acids to represent their proportions in 20 mg. of casein did 
not cause an increase in the titration blank. Addition of methionine to 
this mixture gave again the maximum titration of 10 ce. 
Inoculum—Stab stock cultures of Lactobacillus arabinosus were carried 
in a medium having the following composition: 1 gm. of glucose, 1 gm. of 


TaBLe I 
Composition of Basal Medium 





GN iakcas codes dos biesss: SU | dl-Alanine.................... 80 mg 
Sodium acetate (anhydrous). 12 “ | U(+)-Arginine................ 9 * 
Salts A dl-Aspartic acid............... 240 “ 
iin 5s whee beeicie te ; >= | dl-Glutamic acid # H,O...... 940 “ 
eee eee 1“ | Glyeine....... 2... 400 & 
Salts B l(—)-Histidine hydrochloride 
Se 400 mg. + H,O.. wldiata deiend «ce 
MnSO,-4H,0............. . ee | l(—)-Hydroxyproline > 
TS EE ee is dl-Isoleucine...... oe 
FeSO,-7H,O........ . -* dl-Leucine ... & * 
Adenine*...... ree! Te dl-Lysine hydrochloride i 
Guanine*...... —_@ | dl-Norleucine .. ao 
ae a ee 100 * | dl-Phenylalanine ; — 
Thiamine chloride....... . 2.0 mg. l(—)-Proline..... — 
Pyridoxine hydrochloride... 0.4 “ dl-Serine — 
Calcium pantothenate...... 0.4 “ dl-Threonine........... . 
Riboflavin...... — l(—)-Tryptophane ef 
DEM cvcissescsss BE l(—)-Cystine. . 3. 
p-Aminobenzoic acid........ _- aes | l(—)-Tyrosine......... ~ oe 
RSS Sa ee 0.01 “ LO Re oe 
NS ERT EE DED 30 yt 1(—)-Methionine§............. 100 “ 


Solution brought to 1000 ce. volume, pH 6.8) 





* Baumgarten et al. (7). 
t Obtained through the courtesy of Dr. R. J. Williams, The University of Texas. 


t 30 y of material of ‘“‘potency 5000.” 
§ Omitted when determining methionine. 


Bacto yeast extract, and 1.5 gm. of agar, per 100 cc. The cultures were 
stored in a refrigerator and subcultured each month. Inoculum for the 
assay was prepared by transferring a small amount of the growth froms 
stab culture to a centrifuge tube containing 10 cc. of a medium consisting 
of 1 gm..of glucose, 1 gm. of Bacto yeast extract, and 100 ce. of liver in- 
fusion, prepared as recommended by the Difco Laboratories. After in- 
cubation at 35° for 24 hours, the cells were centrifuged, washed with 
_ sterile salt solution, and suspended in 5 cc. of sodium chloride solution. 
1 drop of the cell suspension was used to inoculate each tube in the assay. 
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Preparation of Samples for Assay—An amount of material equivalent to 
| gm. of protein was refluxed for 24 hours with 25 cc. of 20 per cent hydro- 
chloric acid. The hydrolysate was concentrated to a small volume in an 
air bath, and the residue was dissolved in water and boiled for a few minutes 
with a small quantity of norit. The hot mixture was filtered by suction, 
and the filtrate made up to a volume of 100 cc. with distilled water. For 
assays, 10 cc. aliquots of this solution were adjusted to pH 6.8 and diluted 
to l liter. 1 cc. of the solution contained the protein equivalent of 100 
perce. The solutions were stored under toluene in a refrigerator. 

Preparation of Methionine Standards—The methionine standard solutions 
were prepared by dissolving 10 mg. of /(—)-methionine in 1 liter of water. 
4 200 ce. aliquot of this solution was made up to 1 liter with distilled water. 
The two solutions containing 10 y and 2 y per cc., respectively, were used 
jor preparing the standard curve. 





ML. OF O1N NoOH 











ft) 4 8 12 16 20 





MICROGRAMS OF U-) METHIONINE 
Fic. 1. Methionine curve 


Assay Procedure—For the assay of methionine, 5 cc. quantities of the 
basal medium were used. A standard curve was prepared by adding 
appropriate amounts of the two standard solutions of methionine to 
separate tubes, in concentrations ranging from 0 to 20 7. Each concentra- 
tion was prepared in quadruplicate. To another set of tubes containing 
5 cc. of the medium were added, 1.0, 2.0, 3.0, and 4.0 cc. quantities of the 
protein hydrolysate. The volume in all the tubes was then brought to 
10 ce. with water. The tubes were autoclaved at 15 pounds pressure for 15 
minutes and were inoculated with 1 drop of the Lactobacillus arabinosus 
suspension and incubated at 35-36° for 72 hours. The lactic acid was 
titrated with 0.1 n NaOH, with bromothymol blue as indicator. The ce. 
of 0.1 w NaOH required to neutralize the acid in the tubes of the standard 
solution were plotted against micrograms of methionine (Fig. 1). 

Table II shows the values found for several proteins and foods when 
determined at different assay levels. The reproducibility of the amount 
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of methionine found in several proteins when determined by separate assays 
on each protein is given in Table III. Recovery experiments were algo 


TaB_e II 


Methionine Content of Some Proteins and Foods Determined at Different 
Assay Levels* 


















































: Methionine found 
Protein 
assay level . 
Casein Zein Ovalbumin Ox muscle 
Y Y | per cent Y per cent Y per cent y per aa 
100 2.40 | 2.40 1.40 | 1.40 | 4.40 4.40 2.50 2.50 
200 4.70 | 2.35 | 2.60 | 1.30 | 8.50 4.25 | 5.10 | 2.5 
300 | 7.35 | 2.45 3.90 | 1.30 | 12.60 4.20 7.60 2.53 
400 | 10.00 | 2.50 5.60 | 1.40 | 16.40 4.10 | 10.0 2.50 
| 
| 
Average....... | 2.42 1.35 4.24 2.52 
| Whole wheat Whole yellow corn White rice Black-eyed peas 
| 
500 0.30 | 0.16 | 0.80 | 0.16 1.10 | 0.22 
1000 1.80 0.18 1.80 0.18 | 0.95 0.09 2.20 0.22 
1500 | 2.50 | 0.17 | 2.50 | 0.17 | 3.30 | 0.22 
2000 3.30 | 0.16 | 3.50 0.17 | 2.00 | 0.10 4.40 0.22 
3000 | 2.90 0.09 
4000 | | | 3.92 0.10 | 
Average. . val 0.17 | | 0.17 0.10 | 0.2 | 











* Percentages uncorrected for moisture and ash. 


TaB_e III 
Reproducibility of Methionine Content of Proteins When Determined by 








Separate Assays* 
Protein | Assay 1 Assay 2 Assay 3 Average | 
per cent per cent per cent per cent 
EE Oe ee en ee 2.42 2.39 2.32 2.38 
Ovalbumin....... Toro 4.24 4.16 4.10 4.17 ; 
Lactalbumin..... =a 1.52 1.50 1.53 1.52 
Zein .| 1.35 1.26 1.40 1.34 

















* Uncorrected for moisture and ash. 


made of methionine added in different proportions to hydrolysates of casein 
and gelatin (Table IV). The results of the several experiments indicates | 
high degree of reliability of the method. ) 

The methionine values (Table V) found for the proteins and foods assayed 
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are in close agreement with those obtained for samples of the same material 
by the colorimetric method described in the preceding paper (8), but they 









































TaBLe IV 
Recovery of Methionine Added to Protein Hydrolysates 
Methionine 
Protein hydrolysate 
In hydrolysate Added Total Found Recovery 
yl Y Y Y Y per cent 
Casein 2.40 2.00 4.40 4.40 100 
4.00 6.40 6.50 102 
6.00 8.40 8.50 101 
8.00 10.40 10.50 101 
Gelatin 0.66 2.00 2.66 2.55 96 
4.00 4.66 4.60 98 
6.00 6.66 6.40 96 
8.00 8.66 8.30 96 
TABLE V 
Methionine Content* of Some Proteins and Foods (Percentages, Corrected for Moisture 
and Ash) 
Fels 35|3 
Material N 33 re) Material N 3] i] 
53/6" Ea|é 
= — = as 
Arachin 18.30} 0.24) 0.31) Barley, pearled 1.86) 0.12) 0.10 
Casein 16.07} 2.58} 2.60} Brazil nut meal 9.03) 2.78) 2.72 
Conarachin 18.20) 2.13] 2.24) Corn, whole yellow 2.22) 0.20) 0.21 
Cottonseed globulin 18.00} 1.40) 1.45) ‘‘ germ, defatted 3.93) 0.35) 0.36 
Coconut globulin 17.42} 2.02} 2.12) Cottonseed flour 10.36) 0.85) 0.88 
Edestin 18.55) 2.12} 2.14) Egg, whole, dried 8.11) 1.39) 1.55 
Ovalbumin (crystalline)|15.98| 4.43) 4.48] Milk, dry, skim 6.57) 0.89) 0.89 
Gelatin (Bacto) 18.32) 0.78 Oatmeal 2.73) 0.18} 0.20 
Glycinin 17.30] 1.15| 1.20} Peanut flour 10.15} 0.52] 0.58 
Lactalbumin 15.39] 1.62) 1.71) Peas, black-eyed 4.15) 0.25) 0.26 
Peanut, total globulins |18.01| 1.00] 1.11) Rice, white 1.26} 0.11) 0.09 
Phaseolin (navy bean) /16.07| 1.12] 1.21) Rye, whole 1.98} 0.14] 0.13 
Ox muscle 16.00) 2.75) 2.75) Wheat, whole 3.07} 0.19) 0.23 
Wheat bran globulin —_‘[17.76} 1.04| 1.21 “germ, defatted | 6.50} 0.51) 0.56 
Zein 16.00} 1.41] 1.62) Yeast, dried, brewers’ | 7.71) 0.53) 0.54 


























*In order to avoid repetition, methionine values previously recorded for the 
materials listed are omitted in this table, since they are given in the preceding paper. 


are lower than those previously recorded in the literature. Most of the 
latter were determined by chemical methods. Recently, Stokes and co- 
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workers (6) have determined methionine in several proteins by a miero. 
biological method in which Streptococcus faecalis is employed. The values 
here reported agree closely with those they found for the same proteins, 


SUMMARY 


A microbiological method is described for the determination of methio. 
nine in proteins with Lactobacillus arabinosus. The procedure has beep 
applied to the assay of thirty proteins and foods with results that agree 
closely with those obtained for the same proteins by a colorimetric method, 


Grateful acknowledgment is made to Dr. H. Reynolds of this Bureay 
for his interest and helpful suggestions during the course of this 
investigation. 
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THE AMINO ACIDS OF HUMAN SWEAT 


By STANLEY W. HIER, THEODORE CORNBLEET, anp OLAF BERGEIM 


(From the Research Laboratories, The Wilson Laboratories, and the 
Departments of Dermatology and Biological Chemistry, College of 
Medicine, University of Illinois, Chicago) 


(Received for publication, August 6, 1946) 


We have previously described microbiological procedures for the de- 
termination of amino acids in blood plasma (1,2). These methods are now 
applied to sweat and certain experiments are carried out with the view of 
investigating amino acid secretion by the sweat glands. The amounts of 
ten individual amino acids in sweat are reported for the first time. 


EXPERIMENTAL 
Methods 


The microbiological methods used were those described previously by 
Hier and Bergeim (1, 2) and by Hier et al. (3), except that threonine was 
determined with Streptococcus faecalis according to Stokes et al. (4), 
since more consistent results were obtained with this organism than with 
Lactobacillus arabinosus as previously used. However, we have found no 
difference in values when Streptococcus faecalis or Lactobacillus delbriickii 
was substituted for Lactobacillus casei (used for arginine, phenylalanine, and 
tyrosine), Lactobacillus arabinosus (used for leucine, isoleucine, valine, and 
tryptophane), or Leuconostoc mesenteroides (used for lysine and histidine). 

The subjects used in all experiments were male medical and dental students 
ranging from 20 to 30 years of age. Unless otherwise stated in Tables I to 
VI, all subjects had a shower or bath no longer than 2 hours previous to the 
collection of the sweat sample. This was a precaution against variable 
accumulation of amino acids on the skin by evaporation. Specimens of 
sweat were collected by encasing the nude subjects in a rubber bag as far 
as their necks and seating them in a heat cabinet. Incandescent lamps 
furnished sufficient heat to obtain 100 to 200 cc. of sweat in 20 to 30 minutes. 
The collected sweat was then filtered through a medium porosity Berkefeld 
filter to remove dirt and débris. 10 cc. of this filtrate were diluted to 50 cc. 
forassay. 1 cc. of basal medium diluted to a final volume of 2 ec. with the 
sample and water was used in all cases. 

Normal Values—In Tables I and II, data are shown for normal subjects 
with slight variations in preparation of subjects, volume of collection, and 
after ingestion of tyrosine and histidine. In this series the first and second 
sweat samples for each subject were collected on different days. There 
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does not appear to be any effect of diet upon the amounts of amino acids jp 
the sweat since there is no consistent trend shown in Subjects 1, 2, 3, 4, or}, 
depending upon whether samples were collected before or after eating 
Furthermore, the ingestion of 20 gm. of /(—)-tyrosine caused only a slight 
increase in the tyrosine content of sweat from Subject 7, which is well withip 
the normal range. Similarly the ingestion of 20 gm. of 1(—)-histiding 
hydrochloride in Subjects 8 and 9 caused no increase in the histidine content 
of the sweat. 


TaBLeE I 


Free Amino Acid Composition of Sweat from Normal Human Subjects Collected after 
Slightly Varying Preparation of Subjects and Volume of Collection 


The amino acid values are reported in micrograms per cc. 





| Subjectt | Subject2 | Subject3 |  Subject4 | a, 
i | 
| 


| ——e 





P.m.; | P.m.; | P.m.; P.m.; | P.m.; P.m.; | P.m.; | P 


after | after | no | after | no | after | after | after 


Amino acid | Am. 
no 














om } lunch | lunch | lunch | lunch | lunch | lunch | lunch es 
—_—— — —_—— _ ——  — —|——| 
Arginine.......... Teal 171.0 | 92.5 | 60.5 |139.0 159.0 170.0 |140.0 {110.0 
Histidine. ... seer 40.0 | 69.0 | 46.5 | 42.5 | 92.5 | 74.5 |100.0 /120.0 97.5 
Isoleucine.............. ; 3 | 2 2.0 | 21.3 | 16.3 | 16.5 | 25.5 | 25.8 | 27.0) 31, 
Leucine................ 37 37.5 | 383.3 | 20.8 | 21.3 | 19.8 | 25.9 | 34.0 | 32.8] ws 
lla ath Ai '8| 25.1 | 21.1 | 20.8 | 22.7 | 27.0 | 19.8 | 20.0! 198 
Phenylalanine..........| “4 7 | 21.5 | 17.5 | 17.0 | 19.3 | 18.8 | 24.5 | 21.8 | 333 
Threonine..............| 71.8 | 65.7 | 50.0 | 21.3 | 70.0 | 81.8 | 50.0 | 31.5 | 40.5 
Tryptophane...........| 16.0 | 12.0} 7.5| 8.5 | 10.0 | 13.0 | 13.0 | 15.0| 185 
ere ee | 25.0 | 32.5 | 13.2 | 18.0 | 27.5 | 32.0 _ 33.5 39.5 | 54.5 
mip tines | 43. 5 | 31.0 | 24.0 | 24.0 | 26.3 | 37.3 | 32.8 | 35.5 | 383 
es See 6.6 489.1 | 1 (314.4 (260.2 1443.6 494.8 |503.4 483.1 473.7 
Volume, ce........... | 75.0 | 54.0 | 80.0 | 70.0 [185.0 {160.0 | "92.0 [100.0 | 250 
 £ SR | 0.25) 0.22) 0.44) 0.43, 0.37, 0.39) 0.82) 0.90 





Subject 6 demonstrates that there is considerable accumulation of amino 
acids on the skin due to evaporation. This subject did not bathe for 2 days 
previous to the first collection and all the amino acids are markedly higher 
than the normal for all subjects, as well as higher than was obtained with 
the same subject in a later collection after a shower in the usual manner. 

From the data in Tables I and II it may also be seen that there is neither 
negative nor positive correlation between the volume of sweat and the 
amount of amino acids present. This, of course, may not be true if larger 
volumes of sweat are collected. In our data the maximum variation it 
volume is from 25 to 240 cc. of sweat. 

Variation in Single Subject—The data in Table III demonstrate the varis- 
tion in amounts of amino acids in sweat which occurs in the same subject 
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Free Amino Acid Composition of Sweat from Normal Human Subjects Collected after 
Slightly Varying Preparation of Subjects, Volume of Collection, and after 
Large Doses of Tyrosine and Histidine 


The amino acid values are reported in micrograms per ce. 















































Subject 6 Subject 7 Subject 8 Subject 9 
Amino acid P P _ pom 

ino aci .m.; , F m.; i . | after 
2 days, | Titer | iter | sitet | Sites | 22.8@-| Siter | 20.6. 

shower | Shower) lunch tyrosine! lunch dine lunch dine 

HCl HCl 
Arginine... .....-.--++-eee- 315.0 (141.0 |130.5 |191.0 |135.0 (205.0 {112.0 (149.5 
PE cccscceacecannd 210.0 | 46.5 | 62.5 | 66.0 |100.0 |128.0 | 34.5 | 41.5 
EL Sch onksskannncns 52.0 | 22.5 | 16.0 | 20.4 | 26.3 | 22.0 | 20.0 | 33.3 
RE re 57.3 | 21.0 | 30.3 | 29.5 | 22.0 | 33.3 | 33.3 | 35.8 
Are 45.5 | 17.0 | 26.8 | 20.5 | 24.0 | 24.3 | 24.5 | 27.5 
Phenylalanine.............. 38.0 | 13.0 | 15.5 | 25.5 | 19.3 | 30.0 | 25.3 | 27.3 
ins cecaencenae’s 155.0 | 55.3 | 45.5 | 77.3 | 58.0 | 75.0 | 41.7 | 73.0 
Tryptophane............... 27.5) 9.0} 9.8] 11.0; 10.5 | 18.5] 8.5 | 13.5 
RE etsostescvvcscus. 76.0 | 27.5 | 24.0 | 44.5 | 26.0 | 40.0 | 30.5 | 42.5 
ES a. cele etin dude 63.3 | 23.0 | 30.3 | 33.3 | 34.3 | 34.3 | 26.8 | 28.0 
EES. « sial y Dhs clgip ke aa 1039.6 |375.8 |391.2 |519.0 |455.4 |605.4 |357.1 |471.9 
Eee eee 85.0 | 95.0 (240.0 | 80.0 |125.0 | 75.0 |110.0 {124.0 
ee 0.71) 0.52) 0.39} 0.38) 0.84) 0.34) 0.58) 0.34 

TaB_e III 


Variation in Amino Acid Composition of Sweat Obtained from Same Subject (No. 10) 
over Period of 8 Months (Volumes 80 to 150 Cc.) 


The amino acid values are supported in micrograms per cc. 












































Dut | Are | a | Tne eacne| Lyin [Pheng| Tare Rppte| Tar” vatine| Tot 
1946 nal 

Jan. 15 | 170.0) 89.0 | 25.9 | 27.5 | 19.2 | 20.0 | 64.0 | 16.0 | 17.0) 31.0)479.6 

* © 22 | 126.0) 86.0 | 23.4 | 25.0 | 21.2 | 17.5 | 59.0 | 16.0 | 21.0) 26.0)421.1 
“ 2 99.5] 85.0 | 14.3 | 14.8 | 15.0 | 21.3 | 54.0 | 25.5 | 28.5) 22.5)380.4 
Feb. 5 | 190.0) 74.5 | 14.3 | 20.0 | 16.5 | 18.8 | 51.3 | 17.5 | 29.5) 22.8/455.2 
“ 14*| 76.5) 52.5 | 13.3 | 9.8 | 12.3 | 12.0 | 29.0] 9.0 | 25.0) 30.3/269.7 
“ 14f| 105.0) 55.5 | 22.0 | 14.5 | 13.3 | 17.7 | 37.5 | 10.5 | 26.5) 31.5/334.0 
Apr. 7f| 119.0) 63.5 | 14.3 | 16.0 | 17.3 | 18.0 | 52.5 9.5 | 34.0) 23.3/367.4 





* Before lunch. 
t 2 hours after lunch. 
$2 hours after 25 gm. of histidine hydrochloride. 


when a series of collections is made over a prolonged period. Seven 
collections were made within a period of 3 months. In Table IV themeans 
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and standard errors calculated from the data in Table III for Subject 9 
are compared with the normal values. These normal values include al] ¢ 
the subjects in Tables I and II except the first sample for Subject 6. They 
also include the sweat values in Table V. In the case of arginine, igo. 
leucine, leucine, and lysine, the variation is of the same order of magnitude 
for the single subject as compared to all the subjects, while there is greate 
variation for the single subject in the case of tryptophane and less variation 
for histidine, phenylalanine, threonine, tyrosine, and valine. 

Table III also shows that diet or previous ingestion of 20 gm. of I(-). 
histidine hydrochloride has no effect on amino acid composition of sweat in 
this subject. 


TaBLe IV 


Range of Free Amino Acids in Sweat from Nine Normal Subjects Compared to That of 
Seven Sweat Collections from One Subject and to Normal Human Plasma 


The mean and standard deviation are given in micrograms per cc. 




















Amino acid Yrom Table Tit | ‘Tables Tand it | plasma (fr G) 
BEND 0 csc cisesccecupaeewasasust 126.6 + 37.0 | 135.8 + 39.2 23.2 + 6.4 
Ns oS ava vic nss ccehnemneeans 72.34 4.4 80.2+ 9.7 14.2+2.4 
Pts deci cc cisbotgeceeeees 17.52 5.0 | 22.72 6.6 16.6 + 3.4 
EA SN PL Eee ee oe 18.2+ 5.9 | 26.94 7.7 | 20.343. 
NG bi didk vnc rcvenbocepeess 16.44 2.9 | 226+ 4.5| 29.7446 
SS ae eee 17.94 2.7/| 21.94 6.3 14.0 + 3.5 
Gc. su vcs cas tevasbesect 49.6 + 11.4 | 53.8 + 18.4 | 20.8+4.9 
A odo veasin bees 4.94 5.3) 11.24 3.3| 11.1423 
Sere 25.9+ 5.4 | 31.54 9.5 | 15.0 + 4.2 
_ ss. ee eae 26.8+ 3.6 | 2964 7.5 | 28.9437 








Amino Acids of Sweat Compared to Plasma—It may also be seen from 
Table IV that the mean values for isoleucine, leucine, lysine, phenylalanine, 
tryptophane, and valine are of the same order of magnitude in sweat and 
plasma. However, arginine and histidine are approximately 6 times 
higher in sweat than in plasma, while threonine and tyrosine are about 2 
times higher in sweat. , 

To study this problem further one of us (S. W. H.) ingested 25 gm. of 
i(—)-tyrosine and 1(—)-histidine hydrochloride after having simultaneous 
blood, sweat, and urine samples taken. 2 hours later sweat, urine, and 
blood samples were again taken. It is evident from Table V that again 
the arginine and histidine content of the sweat is markedly higher than that 
of the blood plasma, while the threonine and tyrosine content of sweat is 
slightly higher than that of plasma. Furthermore, although the level o 
histidine and tyrosine rose significantly in the blood and spilled over into 
the urine as a result of the large dose of ingested amino acids, there was 00 
such change in the sweat. 
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TABLE V 
Effect of Ingestion of Large Amounts of l(—)-Histidine Hydrochloride (25 Gm.) and 
l(—)-Tyrosine (25 Gm.) on Free Amino Acid Composition of Sweat, 
Blood Plasma, and Urine 


The amino acid values are reported in micrograms per cc. 






































co Z g H 
Sample si; 3iq g sie/¢| 2 
‘a 3s FY 7) £ 2 8 $ cI 3 
eT Ss lal si biz PIE |a| 3 
<|/ BE /#/S/tljeselel/ els é 
Sweat 1; before ingestion of |92.0) 100.0)14.3)12.5)18.2/16.3/35.0) 6.0) 28.0/17.0/339.3 
amino acids 
Sweat 2; after ingestion of |77.0) 82.5)10.8/11.3)14.4/14.0/25.8) 6.5) 27.5)13.5/283.3 
amino acids 
Plasma 1; before ingestion of|31.8) 19.5) 8.0/21.5/26.7/13.2/18.9/12.9| 17.4/25.5 
amino acids 
Plasma 2; after ingestion of |42.0) 555.0/10.0/16.7/34.2/11.4/27.0)10.8) 55.2/25.5 


amino acids 




















Urine 1; before ingestion of 220.0 41.5 
amino acids 
Urine 2; during ingestion of 160.0 35.5 
amino acids : 
Urine 3; after ingestion of 1750.0 176.5 
amino acids 
TaBLe VI 


Effect of Ingestion of Large Amounts of |(—)-T yrosine (25 Gm.), dl-Isoleucine (25 Gm.), 
and dl-Threonine (25 Gm.) on Amino Acid Composition of Sweat and Blood Plasma 


The amino acid values are reported in micrograms per cc. 









































£ 2 
i 
Sample 2 £ 4 2 = 2 a £ 
els|/e/s/8/Fl 8) 2/3/2)] 3 
w 3 o ~ = 
<j#| 8 |8]si/e]/e]éljel|s| é 
Sweat 1; before ingestion of |104.0/59.5) 17.3/19.5/11.3/19.5|35.0) 9.0 |23.0/15.3/313.4 
amino acids 
Sweat 2; after ingestion of |112.0/67.0| 22.5|27.8]13.8/22.5/38.3| 9.5 |27.017.8/358.2 
amino acids 
Plasma 1; before ingestion of| 26.4/14.4/ 15.3/20.3/22.5/21.3|17.3] 5.7 |15.0/25.4 
amino acids 
Plasma 2; after ingestion of | 21.0/14.7/171.0] 7.7/15.9/22.8/99.0] 4.2 |76.5/15.5 
amino acids 














The influence of 25 gm. of [(—)-tyrosine, 25 gm. of dl-isoleucine, and 25 
gm. of di-threonine was similarly studied in a second experiment on the 
same subject, as shown in Table VI. Again, while the blood level of these 
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amino acids rose significantly, there was no effect on the composition of the | 504 


sweat. Here also the arginine, histidine, threonine, and tyrosine coneep. 
trations are higher in the sweat than in the plasma, while the other amin 
acids are present in about the same concentration in plasma and sweat, 


DISCUSSION 


Our results show that the amino acids secreted in the sweat are inde. 
pendent of the effect of diet or food ingestion since no difference in compod- 


tion is found in sweat taken from subjects in a fasting state or after eating | 


Furthermore, the level of the amino acids in sweat is independent of the 


variations in the blood. Ingestion of large amounts of amino acids whieh | 
causes a marked rise in the blood level is without effect on the sweat amino | 


acids. This must mean that the amino acids do not appear in the sweat 
merely by filtration from the blood. This is further shown by the fact 
that arginine and histidine are markedly higher and threonine and tyrosine 
are slightly higher in sweat than in plasma, while the other amino acids 
studied are present in approximately the same order of magnitude in both 
fluids. The high arginine content of sweat is particularly interesting in 
view of the findings of Talbert ef al. (5) that the urea nitrogen of sweat is 
about 4 or 5 times that of blood. Arginine may be involved in the forma- 
tion of this urea by the sweat gland. 

These results are consistent with the findings of other observers that 
there is not a very good correlation between blood and sweat levels of 
other substances. The glucose (6) content of sweat is considerably lower 
than that of the blood, while lactic acid (7) is about 20 times higher in 
sweat than in blood. According to Talbert (8), using a rather unreliable 
method, the amino nitrogen of sweat is slightly lower than that of blood, | 
Alcohol when ingested appears in the blood and sweat in the same concen- 
trations (9). Johnson et al. (10) recently have shown that the sweat chloride 





concentration is lower than that of serum, and that there is no apparent 


correlation between the level of serum and sweat chlorides. 
The variation in the amino acid composition of sweat samples taken from 
one individual over a period of time appears to be approximately equivalent 


to the variation occurring within the normal population for arginine, | 


isoleucine, leucine, and lysine. Less variation occurs with histidine, 
phenylalanine, threonine, tyrosine, and valine in the individual than in the 
population. In our subject the tryptophane content of the sweat was 
more variable than that of the population. 

The amount of amino acids lost in the sweat is not strikingly significant 
in the economy of amino acids by the body. In our subjects the sweat con- 
tained about 0.44 mg. per cc. of the ten amino acids studied. Under aver- 
age conditions of temperature and humidity, the amount of sweat is about 
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500 cc. per day. This would represent a loss of about 220 mg. per day of 
the ten amino acids. Even with excessive sweating in warm weather 
with active work when 3 liters of sweat may be formed, only 1.3 gm. of 
these amino acids would be lost. 


SUMMARY 


The microbiological determination of ten free amino acids in normal 
sweat is reported. These are found as follows in micrograms per cc.: 
arginine 135.8 + 39.2, histidine 80.2 + 9.7, isoleucine 22.7 + 6.6, leucine 
%.9 + 7.7, lysine 22.6 + 4.5, phenylalanine 21.9 + 6.3, threonine 53.8 + 
18.4, tryptophane 11.2 + 3.3, tyrosine 31.5 + 9.5, and valine 29.6 + 7.5. 
It is found that the marked increases in the free amino acid content of the 
plasma due to ingestion of large amounts of single amino acids are without 
effect on the amino acid content of the sweat. Similarly, food ingestion 
does not appear to have any effect. Furthermore, the arginine and histi- 
dine content particularly, and the threonine and tyrosine content of sweat 
toa lesser extent, is higher in sweat than in blood plasma, while the other 
amino acids are present in about the same amounts. These observations 
indicate that the amino acids do not appear in sweat merely as a result of 
filtration from the blood plasma. The loss of amino acids in the sweat does 
not appear to be of much importance in the economy of amino acids by the 


body. 
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OLEIC ACID AS A GROWTH STIMULANT FOR 
LACTOBACILLUS CASEI 


By VIRGINIA R. WILLIAMS anp E. A. FIEGER 


(From the Department of Agricultural Chemistry and Biochemistry, Louisiana 
State University, Baton Rouge) 


(Received for publication, August 16, 1946) 


Lipoidal stimulation of Lactobacillus casei in the microbiological biotin 
assay Was noted at this laboratory, and methods for removing stimulating 
substances reported (1). Because of difficulties encountered from time to 
time in reproducing the effects observed with pure oleic acid, experiments 
were devised to determine what factors affect the extent of acid production 
stimulated by oleic acid. Accordingly, a study was made of the influence 
of (a) pH of the medium, (b) length of incubation period, (c) temperature 
of incubation, and (d) concentration of lipide on the growth of Lactobacillus 
casei in the presence of oleic acid as measured acidimetrically and in some 
cases turbidimetrically. Those findings are reported here in addition to 
several related experiments. Parallel studies made with rice oil will be 
presented in a later communication. 


EXPERIMENTAL 


General Procedure—Unless altered specifically, the standard procedure 
for each experiment was as follows: Tubes containing increments of 
standard biotin from 0 to 1000 micromicrograms and tubes containing 100 
7 of oleic acid plus either 0 or 1000 micromicrograms of pure biotin 
were supplied with biotin-free medium of pH exactly 5.6, autoclaved 15 
minutes at 15 pounds of pressure, cooled rapidly to room temperature, 
inoculated with a washed, saline suspension of Lactobacillus casei as de- 
sxribed by Landy and Dicken (2), and incubated at 37° for 72 hours. At 
the end of this period the acid produced by the bacteria was titrated with 
0.1" NaOH by use of a Beckman pH meter. Turbidimetric measurements 
were made against distilled water at 7000 A on the Coleman model 11 
spectrophotometer. All assays were made in duplicate. 

For the sake of conciseness, standard tubes will be referred to here as 
Tubes 8, with the micromicrograms of biotin given as a subscript, e.g. 
Tubes Siooo. Tubes containing 100 y of oleic acid will be referred to as 
Tubes OA, with micromicrograms of included biotin indicated in sub- 
scripts, e.g. Tubes OA» or OAjo00- 

A basal medium was used containing proportions of vitamins recom- 
mended by Wright and Skeggs (3) and proportions of other constituents 
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as recommended by Krehl, Strong, and Elvehjem (4). Additional ¢qq. 
stituents were 20 mg. of xanthine, 400 mg. of asparagine, and 50 7 ¢ 
folvite! per liter of double strength basal medium. Standard curye 
obtained with this medium were nearly linear, with a range of 2.93 to 16.7 
ml. of 0.1 N acid, taken as an average of thirty-one typical curves. 

The oleic acid, chemically pure and linoleic acid-free, was obtained fron 
Kimer and Amend. Except for short periods during weighing, it wy | 
kept refrigerated at 0°. The iodine value was 89.8; calculated 89.9. 1) | 
prepare an emulsion for pipetting into assay tubes, 100 mg. of oleic acid 
were weighed out and dissolved in 10 ml. of 95 per cent alcohol. 1 ml.¢ 
this solution was pipetted into 99 ml. of distilled water, giving an opalescent 
solution containing 100 y of oleic acid per ml. 

Effect of pH—The pH of the medium was varied from 4.5 to 7.0 at in 
tervals of 0.5 unit. In Fig. 1 are presented curves taken as an average of 
three experiments. No growth was evident in any of the tubes at pH 45, 
doubtless because of the acidity of the medium. At pH 5.0 some growth | 
was obtained as evidenced by the increase in acid in Tubes Shoo over | 
Tubes So. The high acidity of Tubes Sp was due obviously to the low pH | 
of the medium. Growth in Tubes OAjooo did not exceed that of Tubes §, | 
and there was likewise no stimulation in Tubes OAp. At pH 5.5, normal | 
values were obtained for the standard tubes and the effect of the oleic acid | 
was most pronounced. Great stimulation was obtained in Tubes OA, | 








Inhibition was observed in Tubes OAjoo0, although growth at this pH was 
maximum for the curve of Tubes OAjoo0. As will be discussed later, the | 
inhibition evidenced in the latter tubes was overcome with a longer in- 
cubation period. Repetition of these curves at intervals of 0.1 pH unit | 
showed the same general shape, with maxima for oleic acid around pH 54. 
When the pH was raised to 6.5 or 7.0, the growth of the organism in the 
presence of oleic acid was depressed noticeably below that in Tubes Sp. 
Effect of Length of Incubation Period—Five replicate sets of tubes were in- 
oculated and incubated, and one set titrated at each 24 hour period 
(Table I). Acid production in Tubes OA» did not exceed that in Tubes 
until the 72 hour reading was made, whereas acid production in Tubes | 
OAjooo Was not equal to or in excess of that in Tubes Siooo until the % 
hour reading. The reason for the increased lag in the latter case 8 | 
unknown. 
Effect of Temperature of Incubation—Replicate sets of tubes were it | 
cubated at temperatures ranging from 30-45°. The maximum stimulating 
effect with oleic acid was observed at a temperature of 37°, whereas 0 


1 Synthetic Lactobacillus casei factor kindly supplied by the Lederle Laboratories, 
Inc. 
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eH OF MEDIUM 


Fic. 1. Effect of pH on the acidimetric response of Lactobacillus casei to biotin-free 
basal medium (Tubes &)), biotin-free basal medium containing oleic acid (Tubes 
OAs), complete basal medium (Tubes S000), and complete basal medium con- 
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Effect of Incubation Time on Oleic Acid Stimulation of Lactobacillus casei 





Tubes Siooo 
































Tubes So Tubes OAo Tubes OAsoo0 
Time 
. . A t . : A t 
Taiae | Spereabe | Mota'content,| CLS Abt | Olabe | biotin content, 
irs. mil. ml. micr ‘omicrogr ams ml. mil. micromicrograms 
24 1.59 1.25 <0 4.17 1.15 <0 
48 2.25 1.64 <0 13.85 | 1.53 <0 
72 2.70 8.63 243 17.45 15.05 635 
% 3.09 13.15 418 19.20 19.56 1040* 
120 4.02 16.42 658 20.07 21.73 1170* 
* Extrapolated value. 
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growth could be obtained in the presence of oleic acid at 45° (Table II) 
In all cases the pH of the medium was favorable to stimulation (5.6), 
Effect of Concentration of Lipide—The concentration of oleic acid wy 
varied between 10 and 5000 y per tube (Table III). Maximum ag 
production per 10 ml. of medium was obtained at a concentration of 400; 






































TABLE [I 
Effect of Incubation Temperature on Oleic Acid Stimulation of Lactobacillus casei 
| Tubes Se Tubes OAo | Tubes Siece Tubes OAsooe 
ae gee ——e_ —| — 
a: on (dl : Apparent sa | » | & 
incubation O.iNnacid | 0.1 Nacid pee | O.nacid | O.1. Nacid | ,. “pparent 
per tube | per tube a — | per tube | pertube | a 
_————————EE — | | 
. | mil. mil. micromicrograms ml. | ml. ee 
30-31 | 2.30 2.26 0 | 10.99 | 2.2 | 0 
33 1.43 3.98 137 13.72 | 6.00 | 2% 
37 | 2.55 8.36 307 16.88 | 13.58 | 657 
45 2.91 1.69 <0 15.23 | 1.80 | <0 
TaBLe III 
Effect of Concentration on Oleic Acid Stimulation of Lactobacillus casei 
Oleic acid per tube Apparent biotin content per tube 
or Y pas - = ulmendeeqens 
10 50 
50 236 
100 349 
200 481 
300 497 
400 585 
500 536 
1000 440 
2000 275 
3000 87 
4000 10 
5000 <0 








with marked inhibition evidenced at the higher concentrations. The dat 
presented represent averages of three determinations. 

Comparison of Titrimetric and Turbidimetric Assays in Presence of lei 
Acid—Previous comparisons of the titrimetric and turbidimetric methods 
of biotin assay with Lactobacillus casei at this laboratory had given & 
cellent agreement on materials such as Curbay powder or fat-free rite 
polish. Data taken from several such assays are presented as Assays 
7,8,and9in Table IV. The acidimetric method, however, has in the past 
been used almost exclusively here. In the course of the studies on ole 
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acid it was observed many times that oleic acid-containing samples indi- 
cating heavy growth by their turbidity contained surprisingly small 
amounts of acid. A comparison then was made of the two methods on 
tubes containing oleic acid only (Tubes OAo) or oleic acid plus added 
biotin (Tubes OAjooo). In all cases much higher assay values were ob- 
tained turbidimetrically, and this discrepancy persisted even when the 
tubes had been incubated 7 days. These data are presented in Table IV. 

















TasBLe IV 
Comparison of Turbidimetric-Titrimetric Assay Methods with Tubes Containing 
Oleic Acid 
Apparent biotin content per tube as measured by 
Assay No. Tube contents 
Titration Turbidity 
micromicrograms micromicrograms 
l OAgo, 72 hrs. 333 836 
442 905 
238 902 
2 OAj000, 72 hrs. 640 1460* 
678 2550* 
630 1460* 
3 OAo, 96 hrs. 636 1217* 
595 1170* 
4 OAjo00, 96 hrs. 1295* 1700* 
1460* 1700* 
5 OAo, 168 hrs. 920 1204* 
1040* 1080* 
6 OA,o00, 168 hrs. 1280* 1580* 
1260* 1450* 
7t C,, 72 hrs. 230 215 
8t C;,72 * | 455 445 
of C,,72 * | 625 625 











* Extrapolated value. 
t Curbay powder extract. 


Cell volume measurements made by centrifugation of cultures in Bauer- 
Schenck protein tubes checked with turbidimetric assay. 

In view of the extensive growth of cells and correspondingly low pro- 
duction of acid in the 72 hour oleic acid cultures, it was postulated that the 
organisms might be converting glucose to some product other than lactic 
acid, at least during the first 3 days of growth. Glucose determinations 
(Shaffer-Hartmann method) made in parallel with titrations over an 120 
hour period at 24 hour intervals definitely showed that such was not the 
tase. In so far as glucose was concerned, no departure from normal 
metabolism of the organisms could be detected. 
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Maintenance of Lactobacillus casei on “‘Biotin-Free’’ Medium—In vig 
of the excellent growth of L. casei obtained in the presence of oleic acid @ 
“biotin-free” medium (traces of biotin in the casein hydrolysate), it wy 
decided to attempt continued maintenance of a culture on such a mediuy, 
L. caset was inoculated into the biotin-free medium described earlier, » 
which were added 100 ¥ of oleic acid per 10 ml. of medium, and was traps 
ferred approximately every 4 days to a fresh tube of such medium. 4 
the date of this writing, 4 months from the first transfer, the culture; 
growing even more vigorously than initially. As tested recently, th 
cultural characteristics of the organism were unchanged from those of the 
cultures carried on glucose-yeast extract agar. A new transfer of Snell's 
strain obtained from the American Type Culture Collection grew wel 
on the oleic acid medium. In all cases, a 36 to 48 hour lag occurs befor 
cell production is noticeable on the oleic acid medium. 

Although lack of biotin synthesis in the presence of stimulating oik 
had been demonstrated in a previous communication (1), the experiments 
were repeated with pure oleic acid. Two 96 hour cultures containing 
(a) 1000 micromicrograms of biotin per 10 ml. of medium and (6) 100; 
of oleic acid but no biotin per 10 ml. of medium were each separated as to 
cells and supernatant medium and hydrolyzed in 5 nN sulfuric acid for? 
hours at 15 pounds of pressure. Hydrolysates were neutralized with Be 
(OH)s, digested, filtered, concentrated, and assayed. No biotin was found 
in either cells or supernatant liquid of the oleic acid-supported culture. 
Biotin recovery from the biotin-containing culture was 61.0 per cent 
These findings are in complete agreement with the previous work cited. 

Stimulation of Lactobacillus casei by lipoidal materials has been re 
ported in the riboflavin and pantothenic acid assays by Bauernfeind é a. 
(5) (to mention only one of many such papers), but in all these cases it has 
been pointed out by the workers that no stimulation occurred in tubes | 
containing no added pure vitamin; 7.e., small amounts of either riboflava | 
or pantothenic acid were necessary for the lipoidal stimulant to exercix 
its effect. In the biotin assay, however, it has always been possible # 
produce lipoidal stimulation in tubes containing only the biotin-free bast 
medium plus the stimulating agent (1). It was held advisable to check 
this point on the present medium. Table V bears out the previous findings | 
growth with oleic acid alone having been obtained only in the case of the 
biotin-free medium. In this particular experiment acid production wit 
oleic acid was even higher than usual, as will be noted by comparison wit 
Tables I and II. The somewhat higher blanks (Tubes S») obtained with the 
biotin-free medium compared with the other media in Table V demonstrat 
the presence of traces of biotin mentioned above in connection with cast 
hydrolysate. Whether these traces are sufficient to make the case ft 
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biotin completely analogous to those for riboflavin and pantothenic acid 
is not known at present. Work has been initiated on the effects of oleic 
acid ina completely synthetic medium. 

Oleic acid stimulation in medium containing chloroform-extracted 
casein hydrolysate and in chloroform-extracted medium has been in- 
vestigated because of the report of Kodicek and Worden (6) of differences 
found with extracted and unextracted media. No differences were found 


TABLE V 
Effect of Oleic Acid in Various Vitamin-Free Media 




















0.1 N acid per tube 
Tube contents i . . ni sail aki : 
Biotin-free medium | Paptothenicocid- | Ribofavin-tree | ‘Nicotinis scid-tee 
mil. mil. ml. mil. 
So 3.62 3.06 2.40 3.06 
OAo 11.63 2.66 2.18 2.97 
TasBLe VI 


Effect of Other Fatty Acids on Acid Production of Lactobacillus casei 











Acid production in 72 hrs. 
Acid added, 3.5 X 10-7 mole 

= 4 Tubes with 0 biotin Tubes with as  ~ertemee 
Caprylic Normal Normal 
Capric | “ec | “ec 
Lauric No acid produced Greatly inhibited 
Mpyristic oe " " e 
Palmitic Normal Normal 
Stearic “ " 
Linoleic No acid produced No acid produced 
Elaidic Stimulated Stimulated 
Oleic* " Inhibited 

fi t “ce “cc 











*Casein hydrolysate of medium chloroform-extracted. 
t Entire medium chloroform-extracted. 


with the present medium, comparable stimulation from oleic acid being 
obtained with either the chloroform-extracted medium or medium contain- 
ing chloroform-extracted casein hydrolysate. These experiments are in- 
dicated in Table VI. 

Effect of Other Fatty Acids—In Table VI are reported findings with other 
fatty acids. Of the saturated fatty acids, lauric and myristic were found 
inhibit acid production in 72 hour cultures. In no case was stimulation 
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noted, although the pH of the medium was 5.6. Lower concentrations ¢ 
lauric and myristic acids permitted half maximum growth in tubes ¢op. 
taining 1000 micromicrograms of biotin. Linoleic acid completely m 
pressed growth. Elaidic acid, on the other hand, stimulated growth both 
in tubes containing no added biotin and in those containing 1000 mien 
micrograms. Stimulation in the latter case in a 72 hour culture exceeded 
that observed repeatedly with oleic acid, as discussed before; 7.e., inhibition 
of growth in the presence of 1000 micromicrograms of biotin until 96 hours 
of incubation. 
DISCUSSION 

How oleic acid functions in the biotin metabolism of Lactobacillus casei 
and why its influence is affected by pH of medium, length of time and 
temperature of incubation, and concentration used are not known at the 
present time. The effects obtained suggest the possibility that under 
specific conditions oleic acid or some derivative can replace biotin. Two 
objections, however, can be raised to such a hypothesis: first, until oleic 
acid stimulation can be demonstrated on a truly biotin-free medium, it is 
not judicious to speak of oleic acid as having ‘‘replaced”’ biotin; and second, 
such a hypothesis leaves no explanation for similar phenomena observed 
in the riboflavin and pantothenic acid assays. 

The lipoprotein nature of the cell cytoplasmic membrane (7) in addition 
to the surface properties of oleic acid (8) suggests possible physicochemical 
mechanisms, as discussed by Kodicek and Worden (6). The fact that 
elaidic acid, which can penetrate and pack in surface films better than olei 
acid (9), proved more stimulating to Lactobacillus casei lends weight to 
such interpretations. Of the saturated fatty acids tested, only laune 
and myristic displayed any effect, although palmitic and stearic acids are 
known to be surface-active also. The explanation for this behavior 
probably lies in the differences in stability of the emulsions. Myristie, 
lauric, and linoleic acids all formed opalescent colloidal solutions showing 
no tendency to break down. Stearic and palmitic acids, on the other 
hand, were stable for less than an hour in the dispersed state and would 
frequently flocculate in the test-tubes soon after being pipetted. 

The sensitivity of this phenomenon to pH, temperature, time, and cot- 
centration of oil suggests the involvement of an enzyme system. The 
curves obtained with oleic acid-containing media at various pH values 
(Fig. 1) are strongly reminiscent of enzyme pH-activity curves. Furthe 
theorizing at this point is inadvisable. 


SUMMARY 


Oleic acid stimulation of Lactobacillus casei has been found affected by 
the pH of the medium, length of incubation period, temperature of i 





er a a 


- 2 © 


o 








ions of 


8 COn- 
aly Te 
h both 
micro- 
ceeded 
ibition 
) hours 


8 CASE 
ne and 
at the 
under 

Two 

il oleie 
n, it is 
econd, 


served 





Vv. R. WILLIAMS AND E, A. FIBGER 343 


cubation, and concentration of oleic acid added. When the control con- 
ditions were varied one at a time, maximum stimulation was obtained at 
pH 5.5, incubation period of 96 to 120 hours, incubation temperature of 
37°, and concentration of 400 y of oleic acid per tube. 

Parallel titrimetric and turbidimetric measurements of tubes containing 
oleic acid showed complete lack of agreement, with much higher values 
obtained in turbidimetric assay. 

Lactobacillus casei has been successfully maintained on an essentially 
biotin-free medium containing oleic acid for a 4 month period and is 
continuing to grow well. Transfers are made every 3 to 4 days. 

No synthesis of biotin from oleic acid could be demonstrated. 

Oleic acid stimulation in a medium free of one vitamin was obtained 
only in the case of biotin. No stimulated growth could be obtained with 
either riboflavin-free, pantothenic acid-free, or nicotinic acid-free medium. 

Of a number of fatty acids tested, lauric, myristic, and linoleic were 
found strongly inhibiting to the growth of Lactobacillus casei, whereas 
elaidic acid was more stimulating than oleic acid. 
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STEROIDS DERIVED FROM BILE ACIDS 


V. INTRODUCTION OF OXYGEN AT Cu 


By RICHARD B. TURNER, VERNON R. MATTOX, LEWIS L. ENGEL, 
BERNARD F. McKENZIE, ann EDWARD C. KENDALL 


(From the Division of Biochemistry, Mayo Foundation, Rochester, Minnesota) 
(Received for publication, August 15, 1946) 


Following the preparation of 3(a)-hydroxy-11,12-dibromocholanic acid 
(1) various attempts were made to utilize this substance directly for the 
synthesis of steroid derivatives with oxygen at Cy. Such attempts, how- 
ever, proved unsuccessful. Treatment of the dibromide with alkali re- 
sulted in the formation of 3(a),12-dihydroxy-A®'-cholenic acid (2, 3) 
and efforts in this laboratory and elsewhere! to effect a selective replace- 
ment of 1 atom of bromine by the use of silver and other salts led to the 
simultaneous elimination of both halogens. 

We have recently observed (4) that bromination of methyl 3 ,9-epoxy- 
M"-cholenate (I) (Fig. 1) proceeds readily at low temperature and that 
crystallization of the reaction mixture from chloroform-methanol affords 
a dibromo derivative (II) melting at 143° in a yield of about 65 per cent. 
Concentration of the mother liquor gave additional material from which a 
second dibromide (III), melting at 123°, was obtained by repeated crystal- 
lization. Both dibromides are quantitatively converted to methyl 3,9- 
epoxy-A"-cholenate by the action of zinc dust and methanol, and it is 
assumed that they are stereoisomers. Since the elimination of hydrogen 
bromide between Cy and Cu, which can occur in 3(a)-hydroxy-11,12- 
dibromocholanic acid, is not possible in these compounds, it was of interest 
to determine whether by a direct replacement or through the formation 
of an oxide either of the dibromides (II or III) could be converted to a 
compound with oxygen at Cy. 

Preliminary investigation indicated that the bromine in the low melting 
derivative (III) was relatively stable and all attempts to replace 1 atom 
preferentially were unsuccessful. The higher melting dibromide (II), 
however, when treated with sodium acetate in acetic acid, gave an acetoxy- 
bromo compound (XIV) in excellent yield (4). Substitution of silver oxide 
and aqueous acetone for sodium acetate-acetic acid led to the formation of 
4 bromohydrin (XV) which in turn yielded XIV with acetic anhydride 
and sulfuric acid and an a-bromoketone (XVI) on oxidation with chromic 
acid. The bromoketone was subsequently obtained directly in 94 per cent 


'Fieser, L. F., and Turner, R. B., unpublished data. 
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yield by treatment of the dibromide (II) with silver chromate and chromic 
acid in aqueous acetone. This series of reactions provides a route to 
C,,-oxygenated steroids, for the bromoketone (XVI) has been converted to 
a number of Cy,-keto and Cy,-hydroxy derivatives. 
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With zinc dust and acetic acid XVI was easily debrominated and 4 
compound (V) was obtained which must be either methyl 3 ,9-epoxy-Il- 
ketocholanate or methyl 3,9-epoxy-12-ketocholanate. Conclusive ev 


dence in favor of the Cy-keto structure was provided by cleavage of the 
epoxy ring. 
Some difficulty was at first encountered in this step, for aluminu® 
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bromide, zinc chloride, and acetyl chloride, hot aqueous mineral acids, 
and similar reagents either caused extensive decomposition or did not open 
the epoxide. The cyclic ether was unaffected by the Grignard reagent, 
and high pressure hydrogenation over Raney’s nickel proceeded no farther 
than reduction of the keto group. The use of anhydrous hydrogen bro- 
mide was next investigated and satisfactory results were achieved with 
this reagent at 0° in a mixture of chloroform and acetic anhydride. Some 
acid interchange took place under the conditions employed and the material 
was reesterified with diazomethane before isolation. The product ob- 
tained in this way melted at 183.5-185° and was identified as methyl 3(a)- 
acetoxy-11-keto-12-bromocholanate? (VII) by direct comparison with an 
authentic sample* prepared from methyl 3(a)-acetoxy-A"-cholenate and 
hypobromous acid by the method of Ott and Reichstein (5). 

Reesterification of the crude reaction mixture with methanolic hydrogen 
chloride instead of diazomethane resulted in methanolysis of the C;- 
acetoxy group and gave methyl 3(a)-hydroxy-11-keto-12-bromocholanate 
(XVIII). This substance was oxidized with chromic acid to methyl 3, 11- 
diketo-12-bromocholanate (XIX). Treatment of methyl 3(a)-hydroxy-11- 
keto-12-bromocholanate (XVIII) with zine in acetic acid yielded methyl 
3(a)-hydroxy-11-ketocholanate (XI) which, on hydrolysis, gave 3(a)- 
hydroxy-11-ketocholanic acid (X). Chromic acid converted X into 3, 11- 
diketocholanic acid (XX), from which the methyl ester (X XI) was pre- 
pared. Compounds XVIII and XIX were identical with the corresponding 
products made from the sample of methyl 3(a)-acetoxy-11-hydroxy-12- 
bromocholanate which was prepared according to the synthesis of Ott and 
Reichstein (5).2 It was further shown that XXI was identical with the 
product described by Lardon and Reichstein (6) and with a sample obtained 
by Long and Gallagher (7) in another series of reactions. In addition, the 
melting points and specific rotations of methyl 3(a)-acetoxy-11-ketocholan- 
ate (IX) and 3(a)-hydroxy-11-ketocholanic acid (X) are in close agreement 
with the values for these compounds which have recently been reported 
in the literature (6). 

The separation of methyl 3(a)-acetoxy-11-keto-12-bromocholanate 
(VII) after treatment of methyl 3,9-epoxy-11-ketocholanate (V) with 
hydrogen bromide in acetic anhydride clearly establishes the position of the 
keto group in V. The latter compound may be obtained from methyl 
3,9-epoxy-A"-cholenate (I) in yields as high as 75 per cent by reworking 
the mother liquors (conversion to I and rebromination) and the procedure 
is therefore of considerable practical significance. 

Although cleavage of the epoxide to a 3-bromo-9-hydroxy compound 


* The configuration of VII will be discussed in Paper VII of this series. 
* We are indebted to Dr. L. H. Sarett of Merck and Company for this sample. 
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is an obvious possibility, it was interesting to note that the product isolate) 
in 89 per cent yield was a derivative of 3(a)-hydroxy-12-bromocholanie 
acid. 

The mechanism by which the bromine becomes attached at Cy is ¢ 
some theoretical interest, and, although rigorous establishment of this 
mechanism is not possible from our experiments, certain observations may 
be mentioned. Heilbron and associates (8) have reported the facile redye. 
tion of the tertiary halogen in 5,7-dibromo-6-ketocholestanyl acetate by 
hydrogen bromide. This result suggests the possibility that methyl 3(q). 
hydroxy-11-keto-9-bromocholanate may be formed at an intermediate 
stage in the cleavage and that this compound undergoes reduction by 
hydrogen bromide with subsequent rebromination at Ci. Some evidence 
for the first step of such a mechanism was obtained in a study of the cleay- 
age of methyl 3 ,9-epoxy-11-keto-12-bromocholanate (XVI) by hydrogen 
bromide in acetic anhydride. When XVI was treated with hydrogen 
bromide, it was found that approximately 25 per cent of the theoretical 
amount of bromine was liberated, and about an equal amount of methy! 
3(a)-acetoxy-11-keto-12-bromocholanate (VII) was isolated. When the 
same experiment was carried out in the presence of hydrogen sulfide, added 
to remove the liberated bromine, the yield of methyl 3(a)-acetoxy-ll- 
keto-12-bromocholanate (VII) was increased to 64 per cent. 

The actual existence of a Cy-bromo derivative as a stable intermediate, 
however, is doubtful. Although both the C; and C; monobromides have 
been obtained by bromination of 6-ketocholestany] acetate (9), bromination 
of 11-keto derivatives leads exclusively to Cy».-substituted products. It has 
not been possible to obtain a 9, 12-dibromo-11-ketone even in the presence 
of a large excess of bromine, whereas 5 ,7-dibromo-6-ketocholestany] acetate 
is formed with comparative ease (8). 


When C,; is unsubstituted, it seems unlikely that the mechanism whieh | 


involves an intermediate at Cy with reduction by hydrogen bromide to fre 
bromine and subsequent bromination at position 12 can play any important 
part, for treatment of methyl 3 ,9-epoxy-11-ketocholanate with hydrogen 
bromide and acetic anhydride gave methyl 3(a)-acetoxy-11-keto-l? 
bromocholanate (VII) in 77 per cent yield, even in the presence of hydrogen 
sulfide. 

An alternative mechanism, consistent with the experimental results, 
involves the enol of the 11-ketone. This mechanism is outlined in Fig.2 

When methyl 3(a)-hydroxy-11-keto-12-bromocholanate (XVIII) wis 
allowed to stand with aqueous methanolic potassium hydroxide for sever 
hours, a mixture was obtained which, on esterification and chromatographit 
separation, yielded, in addition to unchanged starting material, consider 
able amounts of methy] 3 ,9-epoxy-11-ketocholanate (V). The formation 
of the epoxide was not anticipated, but it can evidently result from a proces 








BQeeruercert a 


hyd 
that 


inX 
ate | 
(4,1 


gPas . 





Olated 
Olanie 


2 is of 
f this 
S may 


ite by 
| 3(a)- 
ediate 
on by 
idence 
cleay- 


retical 
nethy! 
mn the 
added 
xy-ll- 


diate, 
3 have 
nation 
It has 
esence 
cetate 





TURNER, MATTOX, ENGEL, MCKENZIE, AND KENDALL 349 


which is essentially a reversal of that outlined in Fig. 2. Conversion of 
methyl 3(a)-hydroxy-11-keto-12-bromocholanate (XVIII) into a 3,9- 

compound is an example of a change in structure which occurs in 
other closely related compounds.‘ When methyl 3(a)-hydroxy-11-keto- 
12-bromonorcholanate (XXVIII) (Fig. 3) was treated with hot aqueous 

ium hydroxide, a large part of the starting material was converted 
to 3,9-epoxy-ll-ketonorcholanic acid (XXIV). In addition, 3(a) ,12- 
dihydroxy-11-ketonorcholanic acid (XXIII) was formed. Potassium hy- 
droxide in a boiling methanolic solution of XXVIII also yielded 3,9- 
epoxy-11-ketonorcholanic acid (XXIV) and, in addition, some 3(a)- 





Fig. 2 
Y doo Ac COOH 
oO g oN es 
yy —_ AcgO + Pyridine a AYN p— 
i TD ig 
PAZ es ges 
Y Yor - ; 9 Gooch, 
ee nh 
oh CHgOH + KOH A ALA 
CY Yuvan 7 ry [ wove. 
L J xv. R=C L 
V V 43 y, AY ra 
‘ale J = Z 
[ Go0H / | 00H 
oO x A 7) ss A . 
[ 2 © AcgO + Pyridine 
AA) enenencees 20: ain ‘et 
| | xeve. | 
HO hii ‘ a af 
Fia. 8 


hydroxy-11-keto-12-methoxynorcholanic acid (XXVI). It is apparent 
that methyl 3 , 11-diketo-12-bromocholanate (XXX) (Fig. 4) cannot form 
the 3,9-epoxide and on similar treatment the 3,11-diketo-12-hydroxy 
compound (XX XI) was obtained. The position of the hydroxyl group 
inXXXI was established by oxidation to methyl 3 , 11 , 12-triketonorcholan- 
ate (XXXII), which showed the characteristic spectrum of an a-diketone 
(4, 11, 12). 


‘In the period during which the present investigation was being carried out, both 
methyl 3(@)-hydroxy-11-ketocholanate and methyl 3,9-epoxy-11-ketocholanate were 
to the corresponding etio acids by the method of Hoehn and Mason (10). 

This work made available a large number of intermediate compounds and will be re- 
ported in subsequent communications. The choice of the nor ester here is arbitrary. 
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Investigation of the cleavage of the epoxide grouping in various produets 
derived from methyl 3 ,9-epoxy-11-ketocholanate by degradation of the si 
chain at Ci7 has revealed the interesting fact that when the length of th 
side chain is decreased the oxide ring becomes more resistant to clea 
with hydrogen bromide. Methyl 3,9-epoxy-11-ketocholanate (V), 3.9 
epoxy-11-ketobisnorcholanyldiphenylethylene, and methyl 3 ,9-epoxy-tj. 
ketonorcholanate react with comparative ease and give the corresponding 
3(a)-acetoxy-12-bromo-11-ketones in good yield. Methyl 3,9-epoxy-l. 
ketobisnorcholanate and methy] 3 ,9-epoxy-11-ketoetiocholanate, however, 
require more drastic conditions and the main products are accompanied 
by appreciable amounts of dibromo derivatives. Poor yields of unidenti. 
fied crystalline products were obtained from 3 ,9-epoxy-11 , 20-pregnanedi- 
one and 3,9-epoxy-11-ketoetiocholanylmethyldiphenylethylene, although 
these cases appear to be complicated by other factors. These latter prod 


ucts have not been further investigated. 
wy 
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An improved method for the preparation from desoxycholic acid of the 
essential intermediate methyl 3,9-epoxy-11,12-dibromocholanate (Il) 
will be described in Paper VI. From II by the steps described in the 
present paper methyl 3(a)-hydroxy-11-keto-12-bromocholanate (XVIII) 
has been prepared in a yield of 81 per cent. The yield of XVIII is give, 
since this compound may be used for the degradation of the side chain. 


EXPERIMENTAL® 


All melting points were determined on the Fisher-Johns apparatus. 
Methyl 3 ,9-Epoxy-A"-cholenate (I)—See (4). 
Methyl 3 ,9-Epoxy-11 , 12-dibromocholanate (II and III)—See (4). 


5 Some of the compounds described in this paper were analyzed in the laboratory a 
Merck and Company, Inc., Rahway, New Jersey; the remainder was analyzed by Mr. 
William Saschek in the Department of Biochemistry, Columbia University, New 
York. 
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3,9-Epoxy-11-ketocholanic Acid (IV) from V—1.00 gm. of methyl 3,9- 
epoxy-11-ketocholanate (V) in 50 cc. of methanol and 5 cc. of 1 N aqueous 
sodium hydroxide were heated under a reflux condenser for 1 hour. The 
solution was diluted with water and acidified and the methanol was re- 
moved under reduced pressure. The precipitate which formed was 
washed with water and crystallized from acetone-water. The product 
(969 mg.) melted at 170-172°. Several recrystallizations raised the 
melting point to 174-174.5°. [a]p = +90° + 2° (32.5 mg. in 3.00 cc. of 
chloroform). ’ 

CaHyO,. Calculated, C 74.19, H 9.34; found, C 74.18, H 9.52 


Methyl 3 ,9-Epoxy-11-ketocholanate (V) from XVI—19.2 gm. of methyl 
3.9-epoxy-11-keto-12-bromocholanate (XVI) were dissolved in 20 ce. 
af henzene, 40 cc. of acetic acid were added, and the solution was cooled 
to20°. 10 gm. of powdered zinc were added at such a rate that the temper- 
ature remained below 30° and the mixture was shaken frequently over a 
period of 45 minutes. The zinc was filtered from the solution and the 
filtrate was concentrated under reduced pressure. The residue was 
distributed between benzene and water and the organic phase was washed 
with water. The solvent was removed under reduced pressure and the 
residue crystallized from methanol to give 10.1 gm. of material which melted 
at 81-81.5°. Addition of water to the mother liquor gave two additional 
crops of crystals which weighed 4.80 gm. (m.p. 81.0-81.5°) and 0.68 gm. 
(m.p. 76-77°) and brought the total yield to 97 per cent. [a]p = +88° 
+ 2° (27.7 mg. in 3.00 ce. of chloroform). 


CysH;s0,. Calculated, C 74.59, H 9.51; found, C 74.82, H 9.27 


V from X VITI—2.00 gm. of methyl 3(a)-hydroxy-11-keto-12-bromocho- 
lanate (XVIII) were dissolved in 50 cc. of methanol to which 20 ce. of 25 
per cent potassium hydroxide were added. After the solution had re- 
mained at room temperature overnight, it was diluted with a large volume 
of water, acidified with hydrochloric acid, and extracted with ether. The 
organic phase was washed with water, dried with sodium sulfate, concen- 
trated to a small volume, and treated with diazomethane in ether. Chro- 
matography of the oily mixture of esters on aluminum oxide gave 424 
mg., eluted with benzene-petroleum ether 50:50 and 60:40. This material, 
when crystallized from methanol, gave a first crop of 250 mg. of material 
which melted at 77.5-78.5°. When the substance was mixed with methyl 
3,9-epoxy-11-ketocholanate, the melting point was 78-79.5° 

A further fraction eluted with benzene was crystallized from ether- 
petroleum ether and gave 120 mg. of material which melted at 144-148°. 

ization from the same solvents raised the melting point to 157.5- 
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158.5°. The melting point was not depressed when the product was mixed 
with methyl 3(a)-hydroxy-11-keto-12-bromocholanate. 

3(a)-Acetory-11-keto-12-bromocholanic Acid (VI) from XVIII—~3q 
gm. of methyl 3(a)-hydroxy-11-keto-12-bromocholanate (XVIII) wer 
dissolved in 60 cc. of acetic acid which was 1 N with hydrogen bromide. 
After the solution had remained at room temperature for 6 days, it was 
diluted with water to about 225 cc. and the crystals which separated were 
collected and washed with water. The product (3.16 gm.) melted at 266- 
267°. After several recrystallizations from chloroform-benzene, needles 
were obtained which melted at 274-275° (corrected) (taken with a glass 
disk heated on a metal bar). [a]p = —5° + 2° (29.8 mg. in 4.00 &. 
of chloroform). 


CxsH3s0;Br. Calculated. C 61.05, H 7.69, Br 15.62 
Found. ** 60.97, “* 7.60, ** 15.57 


Methyl 3(a)-Aceloxy-11-keto-12-bromocholanate (VII) from V—2.00 gm. 
of methyl 3,9-epoxy-11l-ketocholanate (V) were placed in a pressure 
tube which contained 2.5 cc. of dry chloroform and 2.5 cc. of acetic anhy- 
dride. The tube was cooled in an acetone-dry ice bath and 10 gm. of 
hydrogen bromide were added. The gas condensed to form a dense viscous 
fluid with the contents of the tube. After being sealed, the tube was placed 
in an ice bath and remained at 0° for 18 hours. The tube was again cooled 
in a dry ice bath and opened. The contents of the tube were poured on ice 
and chloroform was added. The organic phase was washed with water 
until free of acetic acid. Diazomethane in ether was added to restore any 
ester that had been hydrolyzed by the treatment. The organic phase was 
washed with dilute acetic acid, with a solution of sodium carbonate and 
with water, and was dried with sodium sulfate. The solution was con- 
centrated to a small volume under reduced pressure, and after addition 
of methanol the solution was reduced again to a small volume and cooled. 
1.98 gm. (76 per cent) of material which melted at 181.5-182.5° were ob- 
tained. After four crystallizations from methanol the melting point was 
183.5-185°. There was no depression of the melting point when this 
material was mixed with an authentic sample® of methyl 3(a)-acetoxy-ll- 
keto-12-bromocholanate. [a]p = +8° + 2° (30.8 mg. in 3.00 ce. of 
acetone). 

This compound also has been prepared by Ott and Reichstein (§). 
These authors reported [a]) = +13° + 2°. It was found that samples 
made in this laboratory by oxidation of the 11,12-bromohydrin also had 
lalp = +13° + 2° to +18° + 2°. However, reoxidation and subsequent 
crystallization lowered the value of [a]p to +8° + 2°, which conforms 


® Prepared by Dr. L. H. Sarett from methyl 3(a)-acetoxy-A"-cholenate according 
to the method of Ott and Reichstein (5). 
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with the value found for VII prepared by cleavage of the 3,9-epoxide. 
The hydroxyl group at Cy, apparently is not readily oxidized and a small 
amount of the hydroxyl compound would explain the [a]J) = +13° 
+ 2° previously reported for the bromoketone (5). 

VII from IX—500 mg. of methyl 3(a)-acetoxy-11-ketocholanate (IX) 
were brominated in 10 cc. of acetic acid with 2.0 cc. of 1.32 N bromine in 
acetic acid in the presence of 1.0 ec. of 4.6 N hydrogen bromide in acetic 
acid. After 4.5 hours at room temperature a mixture of ether and chloro- 
form was added and the organic phase was washed with water, dilute sodium 
hydroxide, water, and saturated sodium chloride and filtered through 
sodium sulfate. The solution was concentrated to a small volume under 
reduced pressure and diluted with petroleum ether. The crystals which 
formed (230 mg.) melted at 182-183°. After two recrystallizations from 
methanol the product melted at 185-185.5° and did not depress the melting 
point of VII prepared from V. [a]lp = +7° + 2° (36.3 mg. in 3.00 ce. 
of acetone). 

VII from XVI—2.00 gm. of methyl 3,9-epoxy-11-keto-12-bromocho- 
lanate (XVI) in 2.50 ce. of chloroform and 2.50 ce. of acetic anhydride 
were treated at 0° with 10.0 gm. of dry hydrogen bromide for 17 hours 
according to the procedure described under VII from V. The solution was 
poured on ice and chloroform was added. Titration of aliquot portions of 
the chloroform and aqueous phases indicated the presence of 2.19 milli- 
equivalents of bromine. The bromine was removed by washing with a 
solution of potassium iodide and sodium thiosulfate. The chloroform was 
washed with water until free of acetic acid and was then treated with a 
solution of diazomethane in ether. The organic phase was washed with 
dilute hydrochloric acid and with water and was evaporated to dryness. 
The residue was crystallized from methanol to give 610 mg. of material 
which melted at 145-150°. After three recrystallizations from methanol 
the material (243 mg.) had a constant melting point of 181-182° which 
was about 4° lower than the melting point of an authentic sample. To 
remove traces of halogen-containing compounds other than VII the product 
was treated in 10 cc. of acetic acid with 100 mg. of silver acetate on the 
steam bath for 1 hour. The solution was filtered, the filtrate was diluted 
with water, and the resulting crystals were collected, washed with water, 
and recrystallized from methanol. 161 mg. of material were obtained 
which melted at 182.5-184° and did not depress the melting point of an 
wuthentic sample of VII. [alp = +9° + 2° (31.1 mg. in 3.00 ce. of 
acetone). 

VII from XVI in Presence of Hydrogen Sulfide—2.00 gm. of methyl 
3,9-epoxy-11-keto-12-bromocholanate (XVI) were placed in a pressure 
tube to which were added 2.50 cc. of chloroform and 2.50 ce. of acetic 
thydride. 1.0 gm. of hydrogen sulfide and 10.0 gm. of hydrogen bromide 
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were condensed in the tube at dry ice temperature and the tube was sealed 
and placed in an ice bath. After 17 hours the tube was cooled in a dry ig 
bath and opened. The contents were poured on ice. Chloroform was 
added and the organic phase was washed with water. The aqueous phag 
contained the equivalent of 6.2 cc. of 1 N hydrogen sulfide. The organic 
phase was evaporated to dryness under reduced pressure, and the residue 
was treated with a solution of diazomethane in ether. The ether was 
removed under reduced pressure and the residue crystallized from petroleum 
ether to give 2.23 gm. of product which melted at 100-148° and had a very 
pungent odor. To remove impurities formed from the hydrogen sulfide 
the material was treated in 125 cc. of methanol with 1.0 gm. of silver 
acetate. After 18 hours at room temperature a few drops of saturated 
ammonium sulfate were added to coagulate the silver sulfide which had 
formed, and the solution was filtered. The filtrate was evaporated to 
dryness under reduced pressure, the residue was distributed between 
benzene and water, and the benzene solution was washed with water and 
evaporated to dryness. The residue was treated with 5.0 cc. of pyridine 
and 5.0 cc. of acetic anhydride at room temperature. After 18 hours the 
solution was seeded and diluted with ice water and the resulting crystals 
were collected and washed with water. The crude product was crystallized 
from methanol to give 1.40 gm. (64 per cent) of material which melted at 
182-184°. After recrystallization from methanol the product melted at 
184—185° and did not depress the melting point of VII obtained from V. 
[alp = +8° + 2° (31.3 mg. in 3.00 cc. of acetone). 

VII from V in Presence of Hydrogen Sulfide—2.00 gm. of methyl 3,9- 
epoxy-11-ketocholanate (V) were treated with hydrogen bromide at 0° 
in the presence of chloroform, acetic anhydride, and hydrogen sulfide, as 
described in the preceding paragraph. 1.87 gm. of material which melted 
at 184-185° and did not depress the melting point of an authentic sample 
of VII were obtained. When the residue of the mother liquor was crystal- 
lized from ligroin, an additional 136 mg. of material which melted at 
182.5-184° were separated. The total yield was 77 per cent. [alp = 
+8° + 2° (30.0 mg. in 3.00 cc. of acetone). 

VII from XVIII—4.84 gm. of methyl 3(a)-hydroxy-11-keto-12-brome- 
cholanate (XVIII) were acetylated with 10 cc. of pyridine and 10 ce. d 
acetic anhydride. After 24 hours at room temperature a small amount of 
ice and water was added. The crystals which separated (5.23 gm.) melted 
at 183.5-184.5°. After several recrystallizations from methanol a product 
was obtained which melted at 185-185.5°.  [a]p = +7° + 2° (36.3 mg. 
3.00 ec. of acetone). 


C2:7HyO;Br. Calculated. C 61.70, H 7.86, Br 15.22 
Found. ** 61.40, “* 7.76, ‘“* 15.42 











—- oe fp 8S Se FP Oo SS Se Ts Fe B&F SBS S&S SE 


_ - a 





TURNER, MATTOX, ENGEL, MCKENZIE, AND KENDALL 355 


$(a)-Acetoxy-11-ketocholanic Acid (VIII) from VI—1.02 gm. of 3(a)- 
acetoxy-11-keto-12-bromocholanic acid (VI) in 30 ce. of acetic acid were 
treated with 1.0 gm. of powdered zinc on the steam bath for 20 minutes. 
The solution was filtered and evaporated to dryness under reduced pres- 
sure. The residue was distributed between benzene and water and the 
benzene phase was washed with water, filtered through sodium sulfate, 
concentrated under reduced pressure, and diluted with ligroin. The 
crystals which formed (732 mg.) melted at 227-229°. A second crop of 
45 mg. which melted at 223-224° was obtained from the filtrate. The 
melting point of the first crop was not raised by repeated recrystallizations 
from benzene-ligroin. [a]p) = +77° + 2° (31.4 mg. in 6.00 cc. of 
methanol). 

CosHyoO;. Calculated, C 72.19, H 9.32; found, C 72.39, H 9.25 


Methyl 3(a)-Acetory-11-keiocholanate (IX) from VII—526 mg. of methyl 
3(a)-acetoxy-11-keto-12-bromocholanate (VII) in 10 ce. of acetic acid were 
treated with 500 mg. of powdered zinc as described under VIII from VI. 
The residue was crystallized from acetone-water to give 391 mg. of product 
which melted at 132.5-133.5°. The filtrate yielded a second crop of 30 
mg. which melted at 128-130°. A sample purified by recrystallization 
from acetone-water melted at 134-134.5°. [a]lp = +68° + 2° (34.6 mg. in 
3.00 cc. of acetone) (6). 


Cx7HyO;. Calculated, C 72.61, H 9.48; found, C 72.88, H 9.22 


3(a)-Hydroxy-11-ketocholanic Acid (X) from XI—2.71 gm. of methyl 
3(a)-hydroxy-11-ketocholanate (XI) were hydrolyzed in 25 cc. of methanol 
with 3.0 cc. of 5 N aqueous sodium hydroxide. The solution was refluxed 
for 30 minutes and was diluted with water. The methanol was removed 
under reduced pressure and the solution was acidified with hydrochloric 
acid. The precipitate was collected, washed with water, and recrystallized 
from acetone-water to give 2.55 gm. of material which melted at 223-224°. 
Repeated recrystallizations did not raise the melting point. [a]p = 
+61° + 2° (31.5 mg. in 3.00 cc. of methanol) (6). 


CyH;s0,. Calculated, C 73.80, H 9.81; found, C 73.90, H 9.79 


Methyl 3(a)-Hydroxy-11-ketocholanate (XI) from XVIII—4.84 gm. of 
methyl 3(a)-hydroxy-11-keto-12-bromocholanate (XVIII) were dissolved 
in 25 cc. of acetic acid, the solution was cooled to 20°, and 2.5 gm. of pow- 
dered zinc were added in small portions. The temperature was maintained 
below 25° to avoid acetylation of the C;-hydroxyl group. After 30 minutes 
the solution was filtered, the filtrate was concentrated to dryness under 
reduced pressure, and the residue was distributed between benzene and 
water. The organic phase was washed with water. The bromide ion in 
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the aqueous phase was 97 per cent of the theoretical amount. The benzene 
solution was evaporated to a small volume and diluted with petroleum 
ether. The crystals which formed (3.60 gm.) melted at 101.5-102.5°. 4 
second crop of 140 mg. which melted at 100-101° was obtained. Recrystal- 
lization from ether-petroleum ether raised the melting point to 102.5-103°. 
[aly = +62° + 2° (30.6 mg. in 3.00 cc. of methanol). 


CosHyoO,. Calculated, C 74.21, H 9.97; found, C 73.99, H 9.84 


3(a) ,11-Dihydroxycholanic Acid (XIT) from X—390 mg. of 3(a)-hydroxy- 
11-ketocholanic acid (X) were reduced with hydrogen in 15 cc. of acetic 
acid in the presence of 50 mg. of platinum oxide. After 11.5 hours 0.98 
molar equivalents of hydrogen had been absorbed. The platinum was 
filtered from solution and the solvent was removed under reduced pressure, 
The residue was dissolved in 20 ec. of methanol, 5 cc. of 5 N aqueous sodium 
hydroxide were added, and the solution was heated on the steam bath fora 
short time. The methanol was removed under reduced pressure, the 
residue was dissolved in water, and the solution was acidified with acetic 
acid. The resulting precipitate was filtered from solution, washed with 
water, dried, and recrystallized from benzene. The product (203 mg.) 
melted at 194-196°. After several recrystallizations the melting point 
was raised to 199.5-200.5°. [alp = +55° + 2° (30.0 mg. in 3.00 ce. 
of methanol). 


CuHwO.. Calculated, C 73.43, H 10.27; found, C 73.37, H 10.11 


Methyl 3(a),11-Dihydrorycholanate (XIII) from XII—392 mg. of 
3(a),11-dihydroxycholanic acid (XII) were esterified with diazomethane 
in ether. The ester failed to crystallize from dilute methanol or acetone or 
from mixtures of petroleum ether and other solvents. Chromatographic 
separation on aluminum oxide yielded fractions with benzene and petroleum 
ether 3:1 and benzene alone. All of these fractions failed to crystallize. 
A granular product which separated from a benzene solution of the 
chromatographed ester, after addition of petroleum ether, was not visibly 
crystalline. The material melted at 99-101°. [a]p = +49° + 2° (301 
mg. in 3.00 cc. of acetone). 


CoHwO,y. Calculated, C 73.84, H 10.41; found, C 73.87, H 10.48 


Methyl 3 ,9-Epoxy-1 1-acetoxy-12-bromocholanate (XIV) from II—See (4). 

XIV from XV—400 mg. of methyl 3,9-epoxy-11-hydroxy-12-bromo- 
cholanate (XV) were dissolved in a mixture of 2 cc. of benzene and 10 ec. 
of 0.2 n sulfuric acid (13) in acetic acid. 3 cc. of acetic anhydride were 
added slowly while the solution was cooled. After the mixture had stood 
at room temperature for 18 hours, ice water was added and the solution was 
extracted with benzene. The benzene solution was washed with water, 
with sodium carbonate solution, and with water and evaporated to dryness 
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under reduced pressure. The residue crystallized from acetone-water to 
give 334 mg. of material which melted at 131-132°. After recrystallization 
from acetone-water the product melted at 133.5-134.5° and did not depress 
the melting point of methyl 3 ,9-epoxy-11-acetoxy-12-bromocholanate (4). 
lalp = +16° + 2° (30.1 mg. in 3.00 cc. of chloroform). A sample of 
methyl 3 ,9-epoxy-11-hydroxy-12-bromocholanate (XV) was recovered 
unchanged in a yield of 76 per cent after treatment at room temperature for 
93 hours with acetic anhydride and pyridine. 

Methyl 3,9-Epoxy-11-hydroxy-12-bromocholanate (XV) from II. (a) 
With Silver Oxide—1.09 gm. of methyl 3 ,9-epoxy-11 , 12-dibromocholanate 
(II) (4), 80 ec. of acetone, 20 cc. of water, 1.39 gm. of silver oxide, and 10 
gm. of glass beads were shaken in a glass-stoppered bottle for 30 minutes. 
The solution was filtered, concentrated to about 15 cc., and distributed 
between water and benzene. The organic phase was washed with water, 
dried with sodium sulfate, and concentrated to a small volume. After 
addition of petroleum ether, crystals separated (543 mg.) which melted at 
184.5-185.5°. [a]p = +58° + 2° (30.5 mg. in 3.00 cc. of chloroform). 


C2xsH390.Br. Calculated, C 62.10, H 8.13; found, C 62.36, H 8.24 


(b) With Silver Carbonate—16.4 gm. of methyl 3,9-epoxy-11,12-di- 
bromocholanate (II) (4), 240 cc. of acetone, 10 ec. of water, 4.56 gm. of silver 
carbonate, and 20 gm. of glass beads in a glass-stoppered flask were shaken 
for 3 hours. The solution was filtered and evaporated to dryness under 
reduced pressure. The residue crystallized from benzene-petroleum ether 
to give 7.56 gm. of product which melted at 182.5-184°. After several 
recrystallizations from benzene-petroleum ether the melting point was 
raised to 186-187°. Admixture with a sample prepared as under (a) did 
not depress the melting point. [a]p = +58° + 2° (31.8 mg. in 3.00 ce. of 
chloroform). 

Methyl 3 ,9-Epoxy-11-keto-12-bromocholanate (XVI) from II—87.6 gm. 
of methyl 3 ,9-epoxy-11,12-dibromocholanate (II) (m.p. 141.5-143°) (4) 
were suspended in 2100 cc. of acetone contained in a flask which was placed 
ina water bath at about 25°. 40 gm. of silver chromate and a solution of 
31 gm. of chromic acid in 200 cc. of water were added and the solution was 
stirred mechanically for 2 hours. A large amount of heat was produced 
but the temperature within the flask was maintained at approximately 
25-28°. After 2 hours all crystals of the starting material had disappeared 
from suspension. With continued mechanical stirring 77 cc. of 5 N sulfuric 
acid were added and after 30 minutes the solution was filtered and con- 
centrated under reduced pressure. The first crop of crystals which sepa- 
tated weighed 48.4 gm. and melted at 114-115°. The second crop, ob- 
tained after further concentration of the filtrate, weighed 23.9 gm. and 
melted at 112-114°. The total yield was 94 per cent of the theoretical 
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amount. A sample purified by recrystallization from acetone-water melted 
at 114.5-115°.  [a]p = —36° + 2° (30.0 mg. in 3.00 ce. of chloroform), 





C.;H;;0,Br. Calculated. C 62.36, H 7.74, Br 16.6 
Found. “6 62.45, “* 7.82, “ 16.4 


XVI from V—403 mg. of methyl 3 ,9-epoxy-11-ketocholanate (V) were 
brominated in 20 cc. of 0.1 N hydrogen bromide in acetic acid with 2.5 ¢¢. 
of 1.0 N bromine in acetic acid. After 19 hours water was added and the 
crystals which separated were washed with water and recrystallized from 
acetone-water. The product (81 per cent of the theoretical amount) 
melted at 112-113° and after crystallization from acetone-water the melting 
point was 114-115°. The melting point was not depressed when the 
product was mixed with an authentic sample of XVI. 

XVI from XV—484 mg. of methyl 3 ,9-epoxy-11-hydroxy-12-bromo- 
cholanate (XV) were oxidized in a mixture of 5 ec. of chloroform and 20 
ce. of acetic acid with 3.30 cc. of 1.82 n chromic acid in 95 per cent acetic 
acid. After 2 hours at room temperature the solution was diluted with 
water and extracted with chloroform. The chloroform solution was 
washed with water and concentrated to dryness under reduced pressure. 
The residue was crystallized from acetone-water to give 348 mg. of material 
which melted at 115-116° and did not depress the melting point of XVI 
obtained from II. Addition of water to the filtrate yielded a second crop 
of crystals (62 mg.) which melted at 114-115° and raised the total yield to 
85 per cent. [alp = —36° + 2° (30.6 mg. in 3.00 ce. of chloroform). 

3(a)-Hydroxy-11-keto-12-bromocholanic Acid (XVII) from XVIII—-84 
mg. of methyl 3(a)-hydroxy-11-keto-12-bromocholanate (XVIII) were 
dissolved in 20 cc. of methanol to which were added 1.0 cc. of water and 
1.20 ce. of 1.25 N methanolic sodium hydroxide. After the solution had 
stood at room temperature for 16 hours, it was diluted with water to tur- 
bidity. Crystals formed, indicating that hydrolysis of the ester was not 
complete. The mixture was heated on the steam bath until the crystals 
dissolved (45 minutes). Then the solution was diluted with water and the 
methanol was removed under reduced pressure. The solution was acidified 
with sulfuric acid and the precipitate was filtered from solution. The 
filtrate contained 10.5 per cent of the theoretical amount of bromide ion. 
The precipitated acid was recrystallized from acetone-water to give 380 mg. 
of material which melted at 177—178° (with decomposition). After two 
recrystallizations from acetone-benzene and one crystallization from 
methanol-water a product was obtained which melted at 189-190° (with 
effervescence). [aly = —5° + 2° (29.5 mg. in 3.00 cc. of methanol). 


C.,H;;0,Br. Calculated, C 61.40, H 7.95; found, C 61.06, H 8.09 


Methyl 3(«)-Hydroxry-11-keto-12-bromocholanate (XVIII) from V—200 
gm. of methyl 3,9-epoxy-11-ketocholanate (V), 25 cc. of chloroform, and 
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95 cc. of acetic anhydride were placed in a pressure bottle which was cooled 
ina dry ice-acetone bath. 100 gm. of dry hydrogen bromide were added, 
and the bottle was sealed and placed in an ice bath. After 16 hours the 
bottle was cooled in a dry ice Lath, opened, and the contents were poured 
on ice. Chloroform was added and the organic phase was washed with 
water and concentrated under reduced pressure to about 125 cc. 250 ce. 
of methanol and 40 cc. of 2.0 N methanolic hydrogen chloride were added 
to the solution. After 20 hours at room temperature the solution was 
concentrated under reduced pressure and benzene was added. The benzene 
solution was washed with water, with sodium carbonate solution, and with 
water, and was filtered through sodium sulfate. After concentration under 
reduced pressure to about 75 cc., ligroin was added. The crystals which 
formed (18.3 gm.) melted at 157.5-158°. From the filtrate two additional 
crops of 2.32 gm. and 0.12 gm., which melted at 156-157° and 155-156° 
respectively, were obtained. The yield was 86 per cent. The mother 
liquor was retreated with hydrogen bromide as described and 0.71 gm. 
of material which melted at 154—155° was obtained. This raised the total 
yield to 89 per cent. Several recrystallizations of the first crop from ben- 
gene-ligroin did not alter the melting point. The melting point was not 
depressed when the product was mixed with a sample of methyl 3(a)-hy- 
droxy-11-keto-12-bromocholanate, [a]p = —5° + 2° (23.7 mg. in 3.00 ec. 
of methanol), which was made from methyl 3(a)-acetoxy-11-keto-12- 
bromocholanate described in the second paragraph of section VII from V. 
lalp = —5° + 2° (30.8 mg. in 3.00 cc. of methanol). 


CosH;90,Br. Calculated. C 62.10, H 8.13, Br 16.53 
Found. “* 61.85, “‘ 8.28, “* 16.51 


Methyl 3 ,11-Diketo-12-bromocholanate (XIX) from XVIII’—150 mg. 
of methyl 3(a)-hydroxy-11-keto-12-bromocholanate (XVIII) were oxidized 
in 15.5 ec. of acetic acid with 0.50 ec. of 1.88 N chromic acid in 95 per cent 
acetic acid at room temperature. After 1 hour the solution was diluted 
with water and the resulting precipitate was collected and washed with 
water. After crystallization from methanol-water 122 mg. of material 
which melted at 160—163° were obtained. After three further recrystalliza- 
tions the product melted at 161-163°. [a]p = —20° + 2° (30.1 mg. in 3.00 
ce. of acetone). 


C.sH;;0.Br. Calculated. C 62.02, H 7.51, Br 16.54 
Found. “ 62.36, “ 7.75, “* 16.60 


A sample of methyl 3(a)-hydroxy-11-keto-12-bromocholanate derived 
from methyl 3(a)-acetoxy-11-hydroxy-12-bromocholanate (5)* prepared 


* Prepared by Dr. G. A. Fleisher. 
* We are indebted to Dr. L. H. Sarett for this sample. 
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as described under VII from V was oxidized to the 3,11-diketone.” The 
product melted at 161-163° and did not depress the melting point of the muster 
sample described in the preceding paragraph. [a]p = —18° + 2° (304 The a 
mg. in 3.00 ce. of acetone). te 

3,11-Diketocholanic Acid (XX) from X—1.95 gm. of 3(a)-hydroxy-11. or 
ketocholanic acid (X) were oxidized at room temperature in 10 ce, of 
chloroform and 40 cc. of acetic acid with 8.1 cc. of 1.85 N chromic acid jp 
95 per cent acetic acid. After 2 hours benzene was added and the organie | 9 
phase was washed with water until free from acetic acid. The solvent wag Alkal 
removed under reduced pressure and the residue was crystallized from of cry 
acetone-water to give 1.51 gm. of material which melted at 173.5-175.5 119-4 
After several recrystallizations from acetone-water the melting point was __penze 








176-177°.  [alp = +63° + 2° (28.6 mg. in 3.00 cc. of acetone). mater 
CuHyO.. Calculated, C 74.19, H 9.34; found, C 74.00, H 9.15 epoxy 
XX 


Methyl 3 ,11-Diketocholanate (X XI) from X X—498 mg. of 3,11-diketo deseri 
cholanic acid (XX) were esterified with a solution of diazomethane in ether cryste 
and the ester was crystallized from petroleum ether. After several re- 
erystallizations from petroleum ether the ester melted at 85-86°. The meltin 
melting point was not depressed when the product was mixed with a sample Me 
of XXI, kindly furnished by Dr. T. F. Gallagher (7). [a]p = +61°+1° of the 


(40.0 mg. in 4 ec. of acetone) (6). with ¢ 

CxsHis0,. Calculated, C 74.58, H 9.51; found, C 74.75, H 9.74 123° 2 
Methyl 3(a)-Acetoxy-11-hydrorycholanate (XXII) from XIII—100 mg. “ae 

of methyl 3(a),11-dihydroxycholanate (XIII) were dissolved in 0.60 ee. mb 

of pyridine and acetylated with 0.50 cc. of acetic anhydride at 70°. After $(a 

a 


1 hour ether and water were added, the ether solution was washed with x : 
dilute hydrochloric acid and with water, and the solvent was dried with XV 
sodium sulfate and evaporated. The residue was crystallized from a small | Xt 
volume of ether-petroleum ether. 78 mg. which melted at 144-147° were a. 
obtained. After recrystallization in the same manner the melting point a 
was 147-148°.  [a]p = +69° + 2° (30.1 mg. in 3.00 ce. of acetone (5, 6)). ’ 
3(a) ,12-Dihydroxy-11-ketonorcholanic Acid (XXIII) from XXVII-— 
4.20 gm. of methyl 3(a)-hydroxy-11-keto-12-bromonorcholanate (XXVIII) throu 
were added to 100 cc. of 10 per cent aqueous potassium hydroxide and the petrol 
suspension was heated under a reflux condenser for 2 hours. The mixture resid 
was acidified with hydrochloric acid and extracted with ether. The ether a 
solution was washed with water until neutral to litmus, filtered through a 
sodium sulfate, and concentrated to a small volume. The residue was = 
dissolved in benzene and the solution was concentrated. 880 mg. of of 
crystals which melted at 222-225° were obtained and a second crop (100 a 
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| mg.) which melted at 201-210° formed in the mother liquor. (Additional 


material was obtained from the mother liquor; see XXIV from XXVIII.) 
The analytic sample was recrystallized from ethyl acetate-ligroin. When 
heated slowly, the crystals melted at 214—216°; on rapid heating the melting 
point was 226-228°. [a]p = +61° + 2° (30.0 mg. in 3.00 cc. of methanol). 


Cy;HO0;. Calculated, C 70.37, H 9.25; found, C 70.41, H 9.36 


$,9-Epory-11-ketonorcholanic Acid (XXIV) from XXVIII in Aqueous 
Alkali—The filtrate of XXIII from XXVIII yielded two additional crops 
of crystals which weighed 760 mg. (m.p. 110-115°) and 819 mg. (m.p. 
112-130°). The two crops were combined and recrystallized, first from 
benzene and then from chloroform-petroleum ether. The recrystallized 
material melted at 158—160° and did not depress the melting point of 3 ,9- 
epoxy-11-ketonorcholanic acid. 

XXIV from XXVIII in Methanolic Alkali—The 0.84 gm. of material 
described under XXVI from XXVIII melted at 120-130°. After re- 
crystallization from benzene and then from chloroform-petroleum ether a 
product was obtained which melted at 160-161° and did not depress the 
melting point of 3,9-epoxy-11-ketonorcholanic acid. 

Methyl 3 ,9-Epoxy-11-ketonorcholanate (X XV) from X XIV—A portion 
of the acid described in XXIV from XXVIII in aqueous alkali was esterified 
with diazomethane; the ester, crystallized from methanol, melted at 122— 
123° and did not depress the melting point of methyl 3 ,9-epoxy-11-ketonor- 
cholanate. The preparation of XXIV from methyl 3 ,9-epoxy-11-keto- 
12-bromocholanate through oxidation of the diphenyl ethylene derivative 
will be described in a later paper. 

8(a)-Hydroxy-11-keto-12-methoxynorcholanic Acid (XXVI)_ from 


| XXVIIJ—3.00 gm. of methyl 3(a)-hydroxy-11-keto-12-bromonorcholanate 
(XXVIII) were dissolved in 80 cc. of methanol which contained 5 cc. of 50 


per cent aqueous potassium hydroxide and the solution was refluxed for 
25 hours. The solution was cooled, diluted with water, and extracted 
with ether. The aqueous phase was acidified with dilute hydrochloric acid 
and extracted with ether. The ether layer was washed with water, filtered 
through sodium sulfate, concentrated to about 30 cc., and diluted with 
petroleum ether. 1.40 gm. of crystals which melted at 220-230° were 
separated. (Evaporation of the mother liquor and crystallization of the 
residue from chloroform-petroleum ether gave 0.84 gm. of material. This 
product is described under XXIV from XXVIII in methanolic alkali.) 
After recrystallization from methanol-water 690 mg. of material which 
melted at 245-246° were obtained. [a]p = +80° + 2° (28.1 mg. in 3.00 
te. of methanol). 


CxsH3s05. Calculated, C 70.90, H 9.42; found, C 70.70, H 9.37 
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3(a) ,12-Diacetoxy-11-ketonorcholanic Acid (X XVII) from XXIII~g 
mg. of 3(a) , 12-dihydroxy-11-ketonorcholanic acid (XXIII) were dissolyaj 
in 3 cc. of pyridine and 3 ce. of acetic anhydride. After the solution had 
stood overnight at room temperature, ice was added, and the mixture wa; 
taken up in ether-chloroform and washed with water, with dilute hydr. 
chloric acid, and then with water. The organic phase was filtered t 
sodium sulfate, concentrated to a small volume, and diluted with petroleum 
ether. 613 mg. of crystals which melted at 237-238.5° were obtained 
After several recrystallizations from chloroform-petroleum ether the melt. 
ing point was constant at 242.5-243.5°. [a]p = +124° + 2° (26.0 mg 
in 3.00 ec. of chloroform). 


C27HwO;. Calculated, C 68.04, H 8.46; found, C 68.00, H 8.26 


Methyl 3(a)-Hydroxy-1 1-keto-12-bromonorcholanate (X X VIII)—This was 
obtained from the 3 ,9-epoxy-11-ketocholanic acid derivative by degrada- 
tion of the side chain and subsequent cleavage of the 3,9-epoxide with 
hydrogen bromide. Preparation of this compound will be described in 
a later paper. 

3(a)-Acetoxry-11-keto-12-methorynorcholanic Acid (X XIX) from XXVI-— 
332 mg. of 3(a)-hydroxy-11-keto-12-methoxynorcholanic acid (XXVJ]) 
were dissolved in 3 cc. of pyridine and 3 ce. of acetic anhydride. After 
the solution had remained overnight, ice and a mixture of ether and chloro- 
form were added and the organic phase was washed with water, dilute 
hydrochloric acid, and water and filtered through sodium sulfate. The 
filtrate was concentrated to a small volume under reduced pressure and 
diluted with petroleum ether. The crystals which formed (185 mg) 
melted at 232-235°. Several recrystallizations from chloroform-petroleum 
ether raised the melting point to 240-240.5°. [a]p = +93° + 2° (246 
mg. in 3.00 ce. of chloroform). 


CysHyoO¢. Calculated, C 69.61, H 8.99; found, C 69.37, H 8.76 


Methyl 3 ,11-Diketo-12-bromonorcholanate (XXX) from X XVITI—10.M 
gm. of methyl 3(a)-hydroxy-11-keto-12-bromonorcholanate (XXVIII) in 
30 cc. of acetic acid were oxidized with 25 cc. of 2.04 n chromic acid in % 
per cent acetic acid. After 3 hours at room temperature water was added 
and the resulting mixture was extracted with chloroform-ether. The 
organic phase was washed with water, dilute sodium hydroxide, water, and 
saturated sodium chloride solution and was dried with sodium sulfate. 
After concentration to a small volume addition of petroleum ether caused 
separation of crystals. The first crop melted at 160-161.5° and weighed 
7.47 gm. 560 mg. which separated from the mother liquor melted at 
158-161°. The analytic sample was prepared by crystallization sever! 
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times from chloroform-petroleum ether. M.p. 161-162.5°. [a]p = —29° 
+ 2 (31.8 mg. in 3.00 cc. of chloroform). 


C.,H;;0,.Br. Calculated. C 61.66, H 7.55, Br 17.10 
Found. “* 61.36, “‘ 7.54, ‘‘ 17.54 


Methyl 3 ,11-Diketo-12-hydroxynorcholanate (XX XI) from XXX—7.46 
gn. of methyl 3, 11-diketo-12-bromonorcholanate (XXX) were dissolved 
in 50 ce. of dioxane, 100 cc. of 0.5 N aqueous sodium hydroxide were added, 
and the mixture was heated on the steam bath for 3 hours. The solution 
was cooled and extracted with ether. The aqueous phase was acidified 
with dilute hydrochloric acid and extracted with ether. The ether solution 
was washed with water and treated with a solution of diazomethane in 
ether. The excess diazomethane was removed on the steam bath, chloro- 
form was added, and the solution was washed with dilute sodium hydroxide, 
water, and saturated salt solution and filtered through sodium sulfate. 
When the filtrate was concentrated and diluted with petroleum ether, 4.37 
gn. of crystals which melted at 195-198° were obtained. After several 
recrystallizations from chloroform-petroleum ether the melting point was 
raised to 200-201.5°. [a]lp = +68° + 2° (30.8 mg. in 3.00 cc. of 
chloroform). 


CxH0;. Calculated, C 71.25, H 8.97; found, C 71.01, H 9.12 


Methyl 3,11 ,12-Triketonorcholanate (XXXII) from XXXI—1.50 gm. 
of methyl 3, 11-diketo-12-hydroxynorcholanate (XX XI) were oxidized in 
30 cc. of purified acetic acid and 10 cc. of alcohol-free chloroform with 5.00 
ce. of 1.98 n chromic acid in 95 per cent acetic acid. The solution was 
cooled in an ice bath before addition of the chromic acid and remained at 
5° overnight. Water and ether were added and the organic phase was 
washed well with water and then with dilute sodium hydroxide. (See 
XXXIII from XX XI for treatment of the alkaline extract.) The neutral 
phase, after the alkaline extraction, was washed with water and with 
saturated salt solution and filtered through sodium sulfate. The solvent 
was removed under reduced pressure and the residue was crystallized from 
ether-petroleum ether to give 892 mg. of material which melted at 148-151°. 
Recrystallization of the product from ether-petroleum ether raised the 
melting point to 152-154°. The purified material gave a negative enol 
test with ferric chloride. [a]p = +117° + 6° (10.4 mg. in 3.00 ce. of 
chloroform). The absorption spectrum in 95 per cent ethanol showed 
maxima at 282 my (loge = 2.22) and at 355 my (log e = 1.74). 


CuHO;. Calculated, C 71.61, H 8.51; found, C 71.68, H 8.24 


Trimethyl 3-Keto-11\|12-norcholanate (XX XIII) from XXXI—The al- 
kaline extracts of the organic phase described under XXXII from XXXI 
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were combined, acidified with dilute hydrochloric acid, and extracted With 
ether. The ether solution was washed with water, filtered through sodiup 
sulfate, and concentrated to dryness under reduced pressure. The 
residue (332 mg.) was esterified with diazomethane in ether, the exces 
diazomethane was removed on the steam bath, and the solution was washed 
with dilute sodium hydroxide and water and filtered through sodium gy. 
fate. When the filtrate was concentrated and diluted with petroleum ether, 
crystals formed. After recrystallization from ether-petroleum ether the 
product melted at 141-141.5°.  [a]p = +37° + 2° (28.1 mg. in 3.00 & 
of chloroform). 
CxsHwO7. Calculated. C 67.21, H 8.68 


Found. ** 67.61, “ 8.51 
** 67.35, “* 8.43 


SUMMARY 


A method is described for the conversion of methyl 3 ,9-epoxy-11,12 
dibromocholanate into 3(a)-hydroxy-11-ketocholanic acid. Silver oxide 
converts methyl 3 ,9-epoxy-11,12-dibromocholanate (m.p. 143°) into the 
11-hydroxy-12-bromo derivative which can be oxidized to a bromoketone, 
Debromination with zinc in acetic acid yields methyl 3 ,9-epoxy-11-keto- 
cholanate. The 3,9-cyclic ether in the compound last mentioned is rup- 
tured by treatment at 0° with a high concentration of hydrogen bromide in 
acetic anhydride and chloroform to give methyl 3(a)-acetoxy-11-keto-12- 
bromocholanate, which in turn can be debrominated with zinc and hydro- 
lyzed with alkali to yield 3(a)-hydroxy-11-ketocholanic acid. The follow- 
ing derivatives have been prepared: 3(a)-acetoxy-11-ketocholanic acid 
and methy] ester; 3(a)-hydroxy-11-keto-12-bromocholanic acid and methyl 
ester; methyl 3,11-diketo-12-bromocholanate; 3,11-diketocholanic acid 
and methyl ester; 3(a) ,11-dihydroxycholanic acid and methyl! ester; and 
methyl 3(a)-acetoxy-11-hydroxycholanate. 

Methy] 3(a@)-hydroxy-11-keto-12-bromocholanate in aqueous methanolic 
potassium hydroxide lost hydrogen bromide and was converted in part 
into 3,9-epoxy-11-ketocholanic acid by a rearrangement which was e& 
sentially the reverse of the process by which the 3 ,9-cyclic ether was rup- 
tured through addition of hydrogen bromide. 

Methyl 3(a)-hydroxy-11-keto-12-bromonorcholanate, when treated with 
aqueous potassium hydroxide, gave a mixture from which 3 ,9-epoxy-ll- 
ketonorcholanic acid and 3(a) ,12-dihydroxy-11-ketonorcholanic acid were 
isolated. Methyl 3(a)-hydroxy-11-keto-12-bromonorcholanate in meth- 
anolic potassium hydroxide yielded the 3,9-epoxy derivative and 3(a)- 
hydroxy-11-keto-12-methoxynorcholanic acid. 

Methyl 3,11 -diketo- 12-bromonorcholanate with sodium hydroxide 
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; the 3, 11-diketo-12-hydroxy derivative which was oxidized to the 
3,11,12-triketo compound and a 3-ketotricarboxylic acid following rupture 
of Ring C. 


The conditions and various factors which influence cleavage of the 
3,9-epoxy structure are given and a probable mechanism of reaction to 
aplain attachment of bromine at Ci: and not Cy asa result of the rupture 
of the cyclic ether is discussed. 
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ON THE MECHANISM OF THE ANAEROBIC SYNTHESIS 
OF ACETYLCHOLINE* 
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A recent review by Feldberg (1) summarizes the results of other workers 
dealing with the synthesis of acetylcholine in vitro. It is known that 
acetylcholine can be synthesized by respiring brain tissue in oxygen in 
the presence of glucose, lactate, or pyruvate (2-4) or by homogenized 
brain or brain extracts anaerobically in the presence of added adenosine 
triphosphate (ATP) (5, 6). The synthesis is accelerated by K* and in- 
hibited by Ca** (7). The enzyme system appears to require active sulf- 
hydryl groups because air, iodoacetate, iodine, cystine, and Cu** inhibit, 
while cysteine (7) augments the activity of preparations which have been 
partially inactivated by dialysis. ATP is specific for the synthesis, since 
neither adenosine diphosphate nor inosine triphosphate could be substituted 
for ATP (6). The need for a coenzyme in the reaction has also been 
suggested recently (8, 9). 

The requirement for choline in the synthesis of acetylcholine is well 
established (3, 5). The source of the acetyl group is as yet unknown. 
Acetic acid has no effect on the synthesis of acetylcholine either aerobically 
or anaerobically (1, 2, 5,6). Pyruvate was suggested as an aerobic source 
by Quastel and his associates (2, 3) and by Baer (10) who synthesized 
acetylcholine non-enzymatically. Acetoacetate was suggested as an 
anaerobic source by Stedman and Stedman (11, 12). Citrate, glutamate, 
and cysteine have been shown by Nachmansohn and John to activate the 
synthesis of acetylcholine (7), while a-keto acids inhibit it, but the mecha- 
nisms of the activation and inhibition have not been described. 

In this paper data are presented to show that a completely soluble enzyme 
system which synthesizes acetylcholine can be extracted from mammalian 
brain preparations. With this enzyme system, the following components 
are required for the synthesis of acetylcholine: choline, ATP, a substance 
able to provide active atetate which may be either citrate, cis-aconitate, or 
acetoacetate, and a thermostable coenzyme of as yet unknown composition 
present in boiled yeast or animal tissue extracts. 


* The work described in this paper was done under a contract, recommended by the 
Committee on Medical Research, between the Office of Scientific Research and De- 
velopment and the University of Chicago. 
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EXPERIMENTAL 


Preparations—The enzymes employed in this study were prepare 
from guinea pig, rabbit, and dog brains. The smaller brains yield mop 
active enzymes, but the larger are more convenient. No qualitatiy 
differences have been noted. In early studies, brain homogenates simily 
to those employed by Nachmansohn and Machado (5) were used. Theg 
were prepared by homogenizing whole guinea pig brains in 4 volumes ¢ 
of ice-cold frog-Ringer-phosphate solution in the glass homogenizer ¢ 
Potter and Elvehjem (13). 

In the later series, acetone powders of rabbit or dog brain were used, 
They were prepared in a manner similar to that described by Nachmansohp 
and John (7). Extracts were prepared by grinding the powder in a mortar 
with an appropriate volume of cold calcium-free frog-Ringer-phosphate 
solution. The suspension was then centrifuged in the cold room at 25 
R.P.M. for 15 to 20 minutes, yielding a cloudy supernatant fluid which was 
used in most of these experiments. 

The substrates employed in these experiments were available commer. 
cially or were prepared in this laboratory. 

Boiled extracts were prepared from kidney, brain, or brewers’ yeast 
by grinding them in water, and then placing them in a water bath at & 
for 10 minutes. The juice was obtained by filtering or centrifuging the 
boiled material. The yeast juice was neutralized with sodium hydroxide 
before use. Because of its ease of preparation it was used in preference 
to the animal tissue extracts in most of these experiments. 

Since previous workers (6, 7) have shown inactivation of the enzyme 
by oxygen and by low concentrations of copper, and reactivation by cysteine 
and reduced glutathione, precautions were taken to insure active prep- 
arations. The enzyme extracts were dialyzed anaerobically against 
200 volumes of 10-* m cysteine in oxygen-free water. The dialysis time 
varied from 2 to 18 hours as indicated, and was carried out in the cold 
room in a rocking dialysis unit. 

Acetylcholine was assayed with the eserinized frog rectus muscle by 4 
modification of the method of Chang and Gaddum (14) previously de 
scribed (15). The frog-Ringer’s solution contained 0.115 m NaCl, 0.0027 
m KCl, 0.00135 m CaCh, and 0.0025 m NaHCO;. It was eserinised 
with 3.0 mg. of eserine sulfate per 100 cc. Since the synthesis of acetyleho 
line requires high concentrations of potassium, and the frog muscle responds 
to high potassium concentrations with an increased sensitivity to acetyleho- 
line or with contracture, preliminary experiments were performed t 
determine the highest concentration of potassium which did not interfere 
with the response to acetylcholine. This was found to be 0.008 m. Pre 
cautions were therefore taken in the choice of aliquot to insure that not 
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more than 0.006 M potassium was present in the final assay solution. With 

solutions inactivated by dialysis the degree of synthesis was some- 
times so low that aliquots which furnished the maximum tolerated concen- 
trations of potassium contained insufficient acetylcholine to permit a 
measurable response with the frog muscle. Such preparations are re- 
corded as synthesizing no acetylcholine, although it is possible that some 
dight synthesis actually occurred. 

A calibration curve with acetylcholine bromide (Merck) was established 
with each muscle before the assays. Points on this curve were rechecked 
at frequent intervals during the assay of the experimental samples. Re- 
sults are expressed as micrograms of acetylcholine bromide, since this 
was the compound used in calibrating the muscle. 

Free acetylcholine was determined on untreated aliquots of the syn- 
thesizing system. Total acetylcholine was determined by acidifying 


TaBLe I 
Basic Constituents for Anaerobic Synthesis of Acetylcholine 











Constituents Volume Final concentration 
ce. M 
NS re 0.1 0.02 
son vac cepasenaneene ea | 0.1 0.002 
ain ecm owen Wie iernaderbe bode amie 0.1 0.005 
chs cu eveee cue cones Gene want 0.1 0.03 
inns Jin ues duc andaderoennicesd 0. 0.003 
ED once oFekcesesene Seb etvesrennnd | 0.3 (75 mg. per | 
cc.) 
Ca-free Ringer’s phosphate to make 3.5 cc. 








the sample to pH 4.0, boiling for 2 minutes, cooling, and then neutralizing 
before the assay. 

All of the experiments reported in this paper were carried out anaero- 
bically in Thunberg tubes which were incubated at 37° for 1 hour. Unless 
otherwise specified, the total volume was 3.5 cc. and the final concentrations 
of the various constituents required for the study of the mechanism of 
synthesis were as given in Table I. 

2.0 cc. of the extract of homogenized brain (400 mg. of fresh tissue) 
and 1.0 ce. of the extract of the acetone powder (50 or 100 mg.) were used 
in these experiments. 


Results 


Brain Homogenates—With brain homogenates, and with extracts derived 
from them, the observations of previous workers (5-7) were confirmed on 
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several points. These were (1) that K* increased the synthesis of act. 
ylcholine in the test system; (2) that Ca++ depressed the synthesis; (3) 
that an optimum concentration of 0.003 m ATP was required; and (4 
that the enzyme could be inactivated by dialysis and that part of the 
activity could be restored by the addition of citrate or d(—)-glutamate 

Our observations differed from those of Nachmansohn and John (7) 
in showing that citrate was more effective than glutamate in restoring 
the activity of dialyzed preparations (Table II). 

Acetone Powders; Solubility of Enzyme Synthesizing Acetylcholine—With 
brain acetone powder preparations, it is possible to extract with calcium. 
free frog-Ringer-phosphate solution, an enzyme system which synthesizes 
acetylcholine in considerable quantities. Such extracts remain turbid 


Tasie II 
Effect of Citrate and Glutamate on Rate of Synthesis of Acetylcholine 


Each tube contained (a) the extract from 400 mg. of fresh brain; (b) eserine, 
fluoride, choline, KC], ATP, and acetate in the concentration previously indicated; 
(c) citrate or d-glutamate as indicated. 





Acetylcholine synthesis per gm. fresh tissue 

















Experiment No. | Undialysed | Dialyzed extract 
extract v ’ s 
| No substrate | Citrate | Glutamate 
Y Y y 7 
1 29 6.4 24 16.5 
2 42 8.6 30 19.5 
3 38 7.8 27 20.5 
CN eerie tree 36.3 7.6 27 | 18.8 
% of original activity. ......) 20.9 74.5 51.7 





when centrifuged at ordinary speeds. However, centrifugation for 3 
hours at 12,000 r.P.M. results in an extract which is completely clear and 
shows no Tyndall beam. The fact that such a preparation synthesizes 
acetylcholine at a higher rate than the turbid suspension from which it 
was prepared proves that the enzyme is in true solution, and that the 
insoluble tissue particles inhibit synthesis in some unknown mannet. 
The data are summarized in Table III, which also shows that the enzyme 
system is stable to freezing and thawing and that all of the acetylcholine 
synthesized is free. In later work, therefore, no attempt was made to 
measure bound acetylcholine. 

The inhibitory effect upon the synthesis of acetylcholine of the insoluble 
material in the acetone powder may be seen more strikingly in the results 
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of the following experiment. With an acetone powder prepared from dog 
brain, the uncentrifuged suspension containing all of the insoluble material 
gnthesized 390 y per gm. of powder. After centrifugation for 3 hours 
at 12,000 R.P.M., it synthesized 630 y per gm. under identical conditions. 

Effect of Dialysis—The somewhat cloudy supernatant fluid obtained 
by centrifuging the extract of acetone powder for 30 minutes at 2500 
RPM. was used in all the experiments to be described in the following 
getions. Such preparations are more readily prepared than those in- 
volving sustained high speed centrifugation, and, though somewhat less 
active, give substantially the same results. 

When such preparations are dialyzed for 3 hours or more, most of their 
activity is lost and can be restored by the addition of citrate, ATP, and 


TABLE III 
Solubility and Stability to Freezing and Thawing of Enzyme System 
Synthesizing Acetylcholine 
Each tube contained (a) extract from 50 mg. of acetone powder; (b) NaF, eserine, 
choline, KCl, in the concentrations previously tabulated. Free acetylcholine was 
determined by direct assay; total acetylcholine, after boiling at pH 4.0 for 2 minutes. 





| 
| Acetylcholine synthesis per gm. 
| acetone powder 











Preparation 
Free Total 
Y 7 
Cloudy supernatant fluid after 20 min. centrifugation at 850 850 
2500 R.P.M. 
Clear supernatant fluid after 3 hrs. centrifugation at 12,000) 
R.P.M. - | 
With acetate (0.02 m) 900 900 
Without acetate 900 900 
Cloudy supernatant fluid twice frozen (— 40°) and thawed 850 





boiled yeast juice. The addition of any single one of the three components, 
or of the components in pairs, results in substantially reduced activity 
(Table IV), while the presence of all three components gives synthesis 
comparable to that of the undialyzed preparation to which only ATP 
has been added. In similar experiments employing longer periods of 
dialysis (10 hours), synthesis was eliminated entirely with only one com- 
ponent added and was diminished considerably with two, but under these 
conditions approximately 50 per cent of the initial activity was lost, even 
when all three were added. Short dialysis periods were therefore used in 
order to study more fully the reactions and mechanisms involved. How- 
ever, even with short dialysis periods it is clear that citrate, ATP, and 
another impure component containing perhaps several substances and 
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probably serving as a coenzyme are required for optimum synthesis. Sing 
this work was completed, the existence of activating cofactors for aget. 
ylcholine synthesis has been reported by Feldberg and Mann (8) and by 
Lipmann and Kaplan (9). 

Need for Citrate—Since citrate is invariably active in the synthesis, 
other organic acids have been investigated as substitutes for it. Of the 
large number which were tried in the presence of ATP and boiled yeas 
juice, cis-aconitic and acetoacetic acids have shown activity. It is interest. 
ing that glutamic acid, which was active with extracts from homogenized 
brain, had little activity with extracts from acetone brain powder. Keto 
acids (pyruvic, ketoglutaric, and oxalacetic) were found to be definitely 
inhibitory, in agreement with the findings of Nachmansohn and Johp 


TasLe IV 
Effect of Dialysis on Acetylcholine Synthesis 
Dialysis, 3 hours. The enzyme was from an extract containing 100 mg. of acetone 
powder of dog brain. All tubes contained choline, NaF, eserine, KCl, and sodium 
acetate at the usual concentrations. The results are given in micrograms of acetyl- 
choline bromide per gm. of powder per hour. 








Experimental conditions | a 
i a a id alma RR | 0 
Undialysed ensyme + ATP....................ccccececeneees: 465 
5 oh hat nes cWeeNehaRW Ks shad Madea dw ewes 100 

ak i, * RSS ee nee ae | 90 
" ne NE NGS os Ratner denne evheneedeke een | 60 
= + * ” oe, | eee eee ee ee 175 
- I crn oon ee ien av nnneee Powekens's hele 200 
_ + boiled yeast juice + citrate................... ‘oul 185 
” . gillag ” A. Oe DR conic wpvescalens 435 





(7). Glucose, phosphorylated intermediates in glycolysis, amino acids 
including cysteine, and §-hydroxybutyric acid were without activity 
(Table V). 

The replacement of citrate by cis-aconitate and acetoacetate and the 
failure of the other substrates to result in synthesis suggested that they 
might function as sources of acetyl groups for the synthesis of acetylcholine. 
This hypothesis has been tested by larger scale experiments. 

Synthesis from Acetoacetic Acid—Two large scale experiments wete 
performed to follow the synthesis of acetylcholine from acetoacetic acid 
analytically. In these experiments the dialyzed extract from 3 g@ 
of brain powder was tested. To it were added NaF, eserine, choline, 
Kt, ATP, and boiled yeast juice to give the same final concentrations 
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employed in the small scale experiments. The preparation was then 
made up to 48 cc. with frog-Ringer-phosphate solution and divided into 
three aliquots of 16.0 cc.each. To the first, 4.0 cc. of the Ringer’s solution 
was added. To the remaining two were added 4.0 cc. of 0.1 m sodium 
acetoacetate to give a final concentration of 0.02 m. One of these was 
immediately placed in an ice bath. The other and the control without 
geetoacetate were incubated anaerobically at 37° for 2 hours. At the 


TaBLE V 
Effect of Substrates on Synthesis of Acetylcholine 
The Thunberg tubes contained the extract from 50 mg. of acetone powder of dog 
brain dialyzed 3 hours. All tubes contained choline, NaF, eserine, KC], ATP, and 
boiled yeast juice at the usual concentrations. Substrates, 0.02 m. The results are 
given in micrograms of acetylcholine bromide synthesized per gm. per hour. 























Acetyl- 

Substrate cy Substrate sholine 
None 80 Citrate 440 
Glycine 90 Hexose diphosphate 80 
Acetate 90 d-3-Phosphoglyceraldehyde 80 
Cysteine 120 8-Hydroxybutyrate 80 
Glutamate 130 | Pyruvate None 
Acetoacetate 300 Oxalacetate ee 
cis-Aconitate | 400 a-Ketoglutarate o* 

TaB_e VI 


Synthesis of Acetylcholine with Acetoacetate As Acetyl Donor 
The results are given in micromoles of substance found. 








: —— Acetyl- 

Experimental conditions Act eden > choline 
er Se wee en 200 4.2 0 

pmmemated at 37° for 1 br... ...........cccsccccs 0 4.8 0.53 

™ a ee EO babe phe exh ad wade 200 7.5 2.88 














end of this period, aliquots were taken for acetylcholine analysis with the 
frog rectus muscle, and for acetic acid analysis by the method described by 
Friedemann (16) after refluxing with HgO and double steam distillation. 
The results cannot be considered entirely satisfactory since the blanks 
were high and the quantities of volatile acid formed were too small to be 
titrated with a high degree of accuracy. They show, however, that in 
the presence of acetoacetic acid quantities of volatile acid sufficient to 
account for the acetylcholine synthesized are produced (Table VI). It 


) 
| 
i 
i 
} 
] 
| 
| 


ee ee. a 


= 








374 MECHANISM OF ACETYLCHOLINE SYNTHESIS 


may be noted that sufficient quantities of volatile acid are initially presen, 
in the enzyme and boiled juice to account for more than the quantitig 
of acetylcholine synthesized. The volatile acid is probably acetic acid 
whose inactivity in the synthesis has been noted in this paper (Tables JI] 
and V) and by previous workers (1, 2, 5, 6). 

Citrate in Synthesis of Acetylcholine—The réle of citrate in the synthesis 
of acetylcholine has been studied by inhibitors and chemical analyse, 
As indicated previously, citrate and cis-aconitate appear to function inter. 
changeably in the synthesis of acetylcholine, suggesting the presence of 
aconitase, which has been found to be present in brain (17). In thes 
experiments citrate was used mainly as a substrate, because of its greater 
availability, but undoubtedly identical results would have been obtained 
with cis-aconitate. 


Tasie VII 
Effect of Malonate and Semicarbazide upon Synthesis of Acetylcholine 
Each tube contained the dialyzed extract from 50 mg. of powder and the usual 
quantities of NaF, eserine, KC], ATP, boiled yeast juice, and citrate. 0.02 m malo. 
nate and 0.01 m semicarbazide were added as indicated. The results are given in 
micrograms of acetylcholine bromide per gm. of brain powder per hour. 














Experimental conditions Acetylcholine synthesis 
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Effect of Malonate and Semicarbazide—Malonate, an inhibitor of sue- 
cinate oxidation, was added to prevent the formation of acetate by ox- 
dative steps in the citric acid cycle. In agreement with the results d 
Feldberg (6), it had no effect upon the synthesis of acetylcholine (Table 
VII). 

Semicarbazide was added to the test system because keto acids inhibit 
the synthesis of acetylcholine and because the most likely source of acetate 
from citrate would be the anaerobic breakdown of citrate to yield acetate 
and oxalacetate. Binding the oxalacetate with semicarbazide might 
then be expected to increase the rate of acetylcholine synthesis. Table 
VII shows that semicarbazide increased the rate of synthesis appreciably. 

Large Scale Experiments with Citrate—Two large scale experiments have 
been performed to determine the rdéle of the citrate in the synthesis d 
acetylcholine. For these experiments the dialyzed enzyme from | gm 
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of acetone powder was brought to a final volume of 50 cc. with the usual 
concentrations of NaF, eserine, KCl, choline, citrate, ATP, and boiled 
yeast juice. In addition, semicarbazide was added to a final concentration 
of 0.01 m. 10 cc. of the contents were immediately stored in the cold 
room; the remainder was incubated anaerobically at 37° for 1 hour. At 
the end of the experiment, aliquots were taken from each sample for ace- 
tylcholine analysis by the usual method. Other aliquots were precipitated 
by adding $ volume of 50 per cent trichloroacetic acid. To these was then 
added 2,4-dinitrophenylhydrazine in 2 Nn HCl. After standing for 30 
minutes, the quantities of the 2,4-dinitrophenylhydrazone formed were 
too small for isolation. The keto acid was therefore determined color- 
imetrically as the 2,4-dinitrophenylhydrazone by the method of Friede- 
mann and Haugen, with ethyl acetate (18). A calibration curve was 
prepared under identical conditions with known quantities of oxalacetic 
acid, and the keto acid concentration calculated on the assumption that 


TaB_e VIII 
Synthesis of Acetylcholine with Citrate As Acetyl Donor 
The results are given in micromoles per gm. 











Substance analyzed . Experiment 1 Experiment 2 
ER, PE pe Re 1.97 1.37 
nn one u siemens enews 3.03 2.89 
Depmeee formed..................... Se eee 1.06 1.52 
Initial acetylcholine....................... | 0 0 
Final acetylcholine......................... 1.66 1.85 





it was oxalacetic acid. The results are shown in Table VIII. It may 
be seen that on a molar basis the quantities of acetylcholine formed agree 
reasonably well with those of the keto acid formed when the latter is cal- 
culated as oxalacetic acid. The correspondence is undoubtedly closer 
than the data show, since some acetylcholine is initially present in the 
enzyme preparation, but the quantities are too small to assay with accuracy. 
Since the anaerobic breakdown of citric acid to acetic acid would theo- 
retically leave oxalacetic acid as a residue, the fact that the quantity of 
keto acid formed (calculated as oxalacetic acid) agrees with the quantity 
df acetylcholine formed strongly suggests that the keto acid is indeed 
oxalacetic acid. Therefore, the réle of citric acid in the synthesis of ace- 
tylcholine appears to involve its anaerobic breakdown to acetate and 
oxalacetate. 

Effect of Acetate—The various workers who have studied the synthesis 
of acetylcholine have agreed that acetate does not increase the synthesis 
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and so cannot serve as a source of acetyl groups. Our observations} 
general are in accord with those of previous workers. However, we hay 
found that, although acetate itself does not increase the synthesis of ag 
tylcholine, and cannot be substituted for citrate, cis-aconitate, or acetogg. 
tate, it nevertheless increases the synthesis slightly when added in additin 
to citrate to the enzyme system. The effect is small or absent in th 
absence of boiled yeast juice, but is definite when boiled yeast juice, ATP 
and citrate are present (Table IX). 

Nature of the Coenzymes—No success has yet been attained in sy 
stituting known compounds for the boiled yeast juice. Magnesium (j(i 
), manganese (100 +), diphosphopyridine nucleotide (1 mg. of 25 pe 


TasBLe IX 
Effect of Acetate on Synthesis of Acetylcholine 
Each vessel contained the dialyzed extract from 50 mg. of dog brain and the usw 
quantities of KCl, NaF, eserine, and choline. ATP, boiled yeast juice, and citray 
(0.02 ma) were added as indicated. The results are given in micrograms of acetyl. 
choline bromide per gm. per hour. 














a Acetylcholine synthesis 
No. No acetate; Acetate 
e . 
1 | ATP + citrate © | 155 200 
“«“ + ‘“ + boiled juice | 275 435 
si“+ * | 150 165 
“« 4+ “ + boiled juice | 200 360 
sj; “4 « | 130 | M0 
| “ + + boiled juice | 245 | m0 








cent DPN), diphosphothiamine (10 y), and guanine have been tried alone 
and in combination with negative results. 


DISCUSSION 


From the work of previous investigators and from the experiment 
reported in this paper it can be seen that the soluble enzyme system from 
acetone-dried brain preparations requires at least five components in orde 
to synthesize acetylcholine. These are choline, a suitable substrate 
adenosine triphosphate, potassium, and a thermostable component presett 
in brewers’ yeast and animal tissues. 

The substrates which produced the greatest rates of acetylcholine st 
thesis were citrate, cis-aconitate, and acetoacetate. Evidence has bet 
presented to show that, with acetoacetate as substrate, an increase # 
volatile acid production, determined chemically, quantitatively paralles 
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the increase in acetylcholine synthesis, while with citric acid as substrate 


- gn increase in keto acid production may be demonstrated along with 


the synthesis of acetylcholine. It is probable therefore that the substrates 
gtive in acetylcholine synthesis are donors of the acetyl groups re- 
quired in the synthesis. The following reactions have been proposed. 


Acetoacetate + H,O = 2 acetate (active) (1) 
Citrate — oxalacetate +.acetate (active) (2) 
Acetate (active) + choline = acetylcholine (3) 


These reactions have not as yet been conclusively proved, since the en- 
syme system involved, while yielding more than sufficient quantities of acet- 
yicholine for quantitative bioassay, has not yielded sufficient quantities 
of the other products for isolation and positive identification. Similarly, 
the quantities of the reacting substrates utilized have been too small to 
permit their accurate determination. Nevertheless, the reactions pro- 
posed form the best working hypothesis for our results and are in accord 
with the results of other workers. 

The formation of acetate from acetoacetate has been shown by Lehninger 
(19) to take place in muscle, kidney, and bacteria. The reverse reaction, 
ie. synthesis of acetoacetate from acetate, has also beer’ demonstrated 
(0). Furthermore, Lipmann (21) has shown that acetoacetate can act 
in the acetylation of sulfanilamide. The work of these authors is in accord 
with our conclusion that the condensation of acetate to acetoacetate is 
reversible, and that acetoacetate may yield acetate groups for a variety 
of later reactions, of which the acetylation of choline and sulfanilamide 
is an example. 

Neither Nachmansohn and John (7) nor Feldberg and Mann (8), who 
have reported the enhancement of acetylcholine synthesis by citrate, 
have offered suggestions for the mechanism of this enhancement. We 
suggest that citrate acts as an acetyl donor in this enzyme system according 
to equation (2). 

In our experiments acetate cannot be obtained from citrate by oxidative 
reactions in the system because the experiments are entirely anaerobic. 
Furthermore, malonate does not inhibit the synthesis. The evidence 
for the anaerobic breakdown of citrate to yield oxalacetate and acetate 
is based upon the stimulating effect of citrate upon the synthesis of acet- 
yleholine with the dialyzed enzyme system, augmentation of the stimula- 
tion by semicarbazide, and the demonstration of keto acid formation in 
the course of the reaction. Reactions similar to this have been previously 
described. The formation of citrate from acetate and oxalacetate has 
been demonstrated in yeast (22), but has not yet been established in animal 
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tissues. Wieland and Rosenthal (23) were unable to find increased svn. 
thesis of citric acid by chopped kidney in the presence of acetate sad 
oxalacetate, although oxalacetate and either pyruvate or acetoacetay 
were effective. The oxidation of pyruvate to acetate has been demop. 
strated to occur in kidney (24). On the other hand, Weinhouse ¢e @ 
(25) have recently concluded that ‘citric acid as such is not in the dire¢ 
pathway of acetate oxidation in kidney.’’ Citric acid has been choge, 
as one of the members of equation (2) because cis-aconitic acid produced 
less acetylcholine than did citric acid. 

The experiments presented in this paper indicate that soluble enzyme 
from brain acetone powder anaerobically split citrate with the formation, 
of a keto acid and acetate. The increased formation of acetylcholine 
observed on addition of acetate (Table IX) would favor this assumption: 
the added acetate would produce a more efficient utilization of the “active” 
acetate formed by citrate. 

A similar reaction would be responsible for the synthesis of acetylcholine 
from cis-aconitate, since this is transformed into citrate by aconitas 
present in brain (17). The inhibitory effect of keto acids upon the sy- 
thesis of acetylcholine may find an explanation either in the reversal 
reaction (3) towards citrate or by competition with choline for the active 
acetate for other condensation reactions. The synthesis of acetylcholine 
by brain homogenates in the presence of glutamate must be due to for- 
mation of citrie acid, a possibility which was discussed by Adler et al 
(26). The water-soluble extracts from acetone powders used in the er 
periments presented in this paper apparently contain smaller amounts 
of glutamic acid oxidase than the suspensions of homogenized brain used 
by Nachmansohn and John (7), hence, the smaller acetylcholine synthess 
with this substrate. 

We have postulated the formation of “active’’ acetate because of the 
inability of acetate to enhance the synthesis of acetylcholine in the absence 
of citrate or acetoacetate. This “‘active’” acetate is perhaps a free radical 
of very short life, able to produce acetylations or other condensation 
reactions. 

Whether ATP is required for the formation of “active” acetate from 
the more stable precursors, the transformation of the “active” acetate 
into acetyl phosphate, which might then be the acetylating agent, # 
for the acetylation reaction, as Lipmann (21) postulates, is not yet know. 

Similarly, little is known about the réle or the nature of the thermostable 
coenzyme except that it must be a substance of small molecular weight 
(less than 10,000), as it freely diffuses through cellophane membrane 
Because the synthesis of acetylcholine by the water-soluble “brain extrac 
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is the result of two different reactions, formation of active acetate and 
acetylation of choline, it is not yet known whether the coenzyme is necessary 
for the first or the last reaction. 

It must be emphasized that the system obtained from acetone-dried 
brain may not give a true picture of the synthesis of acetylcholine under 
physiologic conditions, in which the ‘‘active” acetate could be provided 
by the aerobic oxidation of pyruvate, as shown by Quastel and coworkers 


(2-4). 
SUMMARY 


The enzyme system which anaerobically synthesizes acetylcholine is 
water-soluble and can be extracted from acetone-dried preparations of 
mammalian brain. At least five components are required for full activity 
of the enzyme system. These are choline, a suitable substrate, potassium, 
adenosine triphosphate, and a coenzyme present in boiled aqueous ex- 
tracts of brewers’ yeast or animal tissues. 

The suitable substrates which have been found are citrate, cis-aconitate, 
and acetoacetate. 

Evidence has been presented for the view that two different processes 
oecur in the anaerobic synthesis of acetylcholine: the formation of “active” 
acetate from anaerobic breakdown of citrate or acetoacetate, and the 
acetylation of choline by the ‘‘active” acetate. Whether the coenzyme 
and adenosine triphosphate are required for the first or the second reaction, 
or for both, is not yet known. 


BIBLIOGRAPHY 


. Feldberg, W., Physiol. Rev., 26, 596 (1945). 

. Mann, P. J. G., Tennenbaum, M., and Quastel, J. H., Biochem. J ., 32, 243 (1938). 

. Mann, P. J. G., Tennenbaum, M., and Quastel, J. H., Biochem. J., 32, 822 (1939). 

. Mann, P. J. G., Tennenbaum, M., and Quastel, J. H., Biochem. J., 33, 1506 (1939). 

Nachmansohn, D., and Machado, A. L., J. Neurophysiol., 6, 397 (1943). 

Feldberg, W., J. Physiol., 103, 367 (1945). 

. Nachmansohn, D., and John, H. M., J. Biol. Chem., 158, 157 (1945). 

8. Feldberg, W., and Mann, P. J. G., J. Physiol., 104, 17 P (1945). 

9. Lipmann, F., and Kaplan, N. O., J. Biol. Chem., 162, 743 (1946). 

10. Baer, E., J. Biol. Chem., 146, 391 (1942). 

ll. Stedman, E., and Stedman, E., Biochem. J., 31, 817 (1937). 

12. Stedman, E., and Stedman, E., Biochem. J., 38, 811 (1939). 

13. Potter, V. R., and Elvehjem, C. A., J. Biol. Chem., 114, 495 (1936). 

4. Chang, H. C., and Gaddum, J. H., J. Physiol., 79, 255 (1933). 

15. Tobias, J. M., Lipton, M. A., and Lepinat, A. A., Proc. Soc. Exp. Biol. and Med., 
61, 51 (1946). 

16. Friedemann, T. E., J. Biol. Chem., 123, 161 (1938). 

7, Johnsohn, W. A., Biochem. J., 33, 1046 (1939). 


. 


=f Fe were 











380 MECHANISM OF ACETYLCHOLINE SYNTHESIS 


. Friedemann, T. E., and Haugen, G. E., J. Biol. Chem., 147, 415 (1943). 
. Lehninger, A. L., J. Biol. Chem., 148, 147 (1942). 
. Medes, G., Weinhouse, S., and Floyd, N. F., J. Biol. Chem., 167, 751 (1945), 


. Wieland, H., and Rosenthal, C., Ann. Chem., 564, 24 (1945). 
. Barron, E. 8. G., Bartlett, G. R., and Kalnitsky, G., Federation Proc., §, jy 


. Weinhouse, 8., Medes, G., Floyd, N. F., and Noda, L., J. Biol. Chem., 161, 1% 


8 & RERESss& 











Lipmann, F., J. Biol. Chem., 160, 173 (1945). 
Sonderhoff, R., and Thomas, H., Ann. Chem., 630, 195 (1937). 
(1946). 


(1945). 
Adler, E., von Euler, H., Gunther, G., and Plass, M., Biochem. J., 38, 1028 (1939), 











1, 145 
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A one stage prothrombin determination which makes use of a constant 
level of fibrinogen has been reported by Thordarson (1). This assay as 
ysed with modifications by Eriksen, Jacobsen, and Plum (2) makes use of a 
fibrinogen solution containing optimum amounts of thromboplastin and 
Caion. Tosuch a solution is added a constant amount of various dilutions 
of plasma and the time for clot formation is observed. We have found that 
the concentration of fibrinogen has a marked effect on the one stage pro- 
thrombin assay of Quick (3) when the plasma dilution technique (3, 4) is 
used. The study of this and other factors influencing this assay is the 
subject of this report. 


EXPERIMENTAL 


Plasmas from the various animals were obtained by mixing 9 ml. of blood 
with 1 ml. of 0.1 mM sodium oxalate and centrifuging off the cells. Such a 
plasma was designated according to the usual terminology as 100 per cent 
plasma. Rabbit brain thromboplastin prepared according to the method 
of Quick (5) was used exclusively. 1 ml. of the thromboplastin that was 
0.0125 m in Ca ions was added to 0.5 ml. of plasma or a dilution thereof. 
All reactions were carried out at 25° (+1°) and the time for the appearance 
of a clot or of the formation of fibrils of fibrin was determined visually while 
the reaction mixture was being vigorously agitated by tilting the reaction 
tube back and forth. 

The various plasma proteins used in this work were separated from 
plasma by ethanol fractionation (6,7). Except for a few experiments with 
human fibrinogen, bovine fibrinogen prepared according to the method of 
Seegers et al. (8) that was from 75 to 85 per cent clottable was used in these 
studies. The fibrinogen showed no evidence of fibrin formation in the 
presence of thromboplastin and Ca ions in 10 minutes. All proteins used in 
this work were dissolved in 0.15 m NaCl and adjusted to pH 7.4. 


Results 


_ Early in the course of this work it was recognized that marked differences 
in the clotting times of dilutions of human, dog, and rabbit plasmas resulted 
381 














382 PLASMA PROTEINS. V 


when saline and fibrinogen solutions were used as the diluents. The pres. 
ence of the fibrinogen, either bovine or human, not only shortened the elot. 
ting times in the higher dilutions of the plasma but made it possible to 
assay plasma dilutions up to 1 per cent for prothrombin. Typical Clotting 
times of rabbit plasma diluted with saline and 0.3 per cent fibrinogen (clot. 
table) are shown in Fig.1. The determination of the clotting times of saline 
dilutions of plasma higher than 1:10 (10 per cent) was often difficult and 
invariably it was found to be extremely difficult to duplicate values. Hoy. 
ever, duplicable assays were possible even with the fibrinogen-diluted series 
at plasma concentrations lower than 1 per cent. A 0.3 per cent solution of 
fibrinogen was used as the diluent since it represents the approximate level 
usually found in rabbit and human plasmas. 
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CLOTTING TIME IN SECONDS 
Fig. 1. Effect of diluting rabbit plasma with 0.15 m NaCl and 0.3 per cent bovine 
fibrinogen in 0.15 m NaCl. 


The effect of pH on the clotting times of saline and fibrinogen-diluted 
plasmas was investigated since in earlier studies (9) it was found that the pi 
markedly affected the rate and extent of conversion of prothrombin t 
thrombin, especially in the presence of clotting inhibitors. In this study the 
pH values were maintained at different levels by use of a buffer that was 
0.05 m in both barbiturate and cacodylate. These along with the bufies 
of the plasma allowed for buffering in the pH range from 6 to 9 and did not 
remove Ca ion from solution. The components of this buffer did not affett 
the clotting times of a diluted plasma as compared with the use of saline. 

The thromboplastin solutions were prepared in twice the usual concentt® 
tion and diluted with an equal amount of the above buffer of the desired pH 
just prior to use. The CaCl, was dissolved in the buffer solutions. Clotting 
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times of various plasma dilutions showed minimum values between pH 7 
and 8. The higher plasma dilutions, especially the fibrinogen series, 
showed relatively greater sensitivity to pH changes, but optimum condi- 
tions were similar to the saline dilution series. In further studies the pH 
values of the systems were maintained at pH 7.4. 

A wide range of fibrinogen concentrations showed little variation in the 
clotting times of plasma dilutions. The clotting times of 0.15 and 0.3 per 
cent fibrinogen concentrations showed minimum values, while higher and 
lower fibrinogen levels showed slightly lengthened times. For this reason_a 
fibrinogen level of 0.3 per ecrt was used in future work. 

o—o NORMAL 
e@—e PLUS 50MG % FIBRINOGEN 
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Fig. 2. Effect of fibrinogen increments on the clotting times of rabbit plasmas di- 
luted with 0.15m NaCl. Fibrinogen added prior to dilution. 


Since fibrinogen dilution affected the usual clotting times of diluted 
plasma, it appeared desirable to study the effect of saline dilution of a 
plasma that contained variable amounts of fibrinogen buta constant amount 
of prothrombin. To provide for such a system, several samples of oxalated 
rabbit plasma were diluted to 80 per cent concentration with fibrinogen solu- 
tions sufficient to raise the level of fibrinogen in the original plasmas 50, 100, 
150, and 300 mg. per cent. These 80 per cent plasmas were then diluted 
with saline and the clotting times determined in the usual manner. From 
Fig. 2 it is obvious that the fibrinogen increments resulted in shorter clot- 
ting times. Moreover, the end-points at the higher dilutions of the sys- 
tems with the higher fibrinogen increments were more easily determined. 
Thus changes in plasma fibrinogen levels may well affect the clotting times 
of saline-diluted plasma without influencing the prothrombin time. 
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72 hours after the feeding of caffeine at the level of 100 mg. per kilo the 
plasma fibrinogen of rabbits shows a marked increase. The clotiing time 
of saline dilutions of such plasma are shortened, although fibrinogen djly. 
tions of the same plasma show constant or slightly lengthened values, as js 
seen in TableI. Such data indicate that caffeine does not induce a hyper. 
prothrombinemia (10) but only an increase in plasma fibrinogen (I}), 
These results parallel the findings shown in Fig. 2 for a system in which 
direct additions of fibrinogen to plasma resulted in shorter clotting times jp 
the higher saline dilutions of the plasma. 

To determine whether other plasma proteins in the concentrations usually 
found in plasma would affect the clotting times, rabbit plasmas were diluted 
with 3.5 per cent human serum albumin, 0.5 and 2.0 per cent y-globulin, 
and 0.7 per cent 8-globulins. These proteins possessed the following purity 


TaBie | 
Effect of Feeding Caffeine (100 Mg. per Kilo) on Clotting Time 





Clotting time 




















Rabbit A Rabbit B 
‘Before After Before | After 
Plasma fibrinogen, mg. %......... 304 455 } = 306 484 
- ‘ ; sec. ; oa sec | sec. 
10% plasma (saline) 21.1 15.6 | 16.5 13.5 
5% _ - 42.7 25.8 33.4 22.7 
10% 2 (fibrinogen) 16.5 15.6 13.4 13.4 
5% = > | 25.2 23.8 19.6 | 20.3 
i% * «“ | 79.8 82.9 | 45.7 | - 607 





as judged by electrophoresis: albumin 99 per cent, y-globulin 98 per cent, 
and 6-globulin approximately 85 per cent. The 8-globulin was analogous 
to the Fraction III-1 used in our earlier work (9) except that it contained 
a higher amount of 6-globulin. Since this fraction possessed some pr 
thrombin activity, it was heated at 55-57° for 1 hour prior to its use in order 
to inactivate the small amount of prothrombin present. Dilution of plasma 
with albumin and y-globulin in the above concentrations did not alter the 
clotting times as compared with saline solution. The 8-globulin, however, 
had a definite retarding effect, being particularly noticeable at the higher 
plasma dilutions. 

Since de Siité-Nagy (12) has indicated that clotting inhibitors in certait 
tissue fractions may be removed by extraction with certain organic solvents, 
an attempt was made to remove plasma-clotting inhibitors by such & 
traction and thus alter the usual dilution curve clotting times. Portionsd 
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lyophilized rabbit plasmas were extracted with ether, acetone, absolute 
ethanol, and a 1:4 absolute ethanol-ether mixture. No appreciable dif- 
ferences in the clotting times of reconstituted solutions of the dried extracted 
and unextracted plasmas were noted. 

The assay of prothrombin by the fibrinogen dilution technique described 
above is analogous in some respects to bcth the one stage method of Quick 
and the two stage method of Warner, Brinkhous, and Smith (13). For this 
reason it appeared desirable to compare the clotting times of fibrinogen- 
diluted plasma of different species. As wouldybe expected, the prothrombin 
levels are closer to values reported by Quick (14) for the one stage assay 
than those reported by Warner, Brinkhous, and Smith (15) for,the two stage 
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Fic. 3. Comparison of clotting times of plasmas of rat and dog diluted with 0.15 u 
NaCl and fibrinogen. 


assay. Marked deviations in the curves for saline and fibrinogen dilution 
were experienced for different animals. Fig. 3 shows such a difference for 
dog and rat plasma. 

The work of Quick (16) and of Munroe et al. (17) on prothrombin A and 
B suggested that the disappearance of the A component might be inter- 
preted as an alteration or lowering of the fibrinogen in the systems studied. 
However, we were unable to restore the clotting times of aged plasmas to 
the original value by the addition of fibrinogen. The addition of rabbit 
plasma, rendered almost free of prothrombin by dicoumarol feeding, to aged 
rabbit plasma shortened the clotting time of the latter plasma somewhat but 
did not restore it to its original value. Moreover, addition of fibrinogen to 
a mixture of 10 per cent aged and 10 per cent dicoumarol plasma did not 
shorten the clotting time. 
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DISCUSSION 


The effect of fibrinogen on the one stage assay of prothrombin by the 
saline dilution curve technique (3, 4) appears to be related to the failure to 
discern readily the appearance of the clot formed in the higher saline dily. 
tions of plasma owing to the small amounts of fibrinogen present. The 
addition of fibrinogen circumvents this difficulty. In the usual technique 
fibrinogen is a limiting factor at the higher plasma dilution and conge. 
quently plasma fibrinogen levels will affect the assay. Such a conclusion js 
obvious from the data in Fig. 2 for rabbit plasma containing variable 
amounts of fibrinogen but a constant level of prothrombin; progressively 
shortened clotting times occur at high saline dilutions in the plasma con. 
taining the higher amounts of fibrinogen. Experimentally we have been 
able to duplicate the increased plasma fibrinogen levels and the lowering of 
the clotting time of saline dilutions of the same plasma of rabbits fed caf- 
feine, as described by Field et al. (10, 11). However, in agreement with 
Quick (18), practically no variation was seen in the higher plasma concen- 
trations. Our most pronounced effect was observed in the 5 per cent 
saline dilution. The activity of our thromboplastin preparations as re- 
flected by the shorter clotting times of the various dilutions of rabbit plasma 
studied appears to be greater than those used by Field et al. (10). Whether 
this is a valid criticism of the work of the latter authors, as suggested by 
Quick (18), is questionable, since we were able to duplicate the essential 
points of their work, and, moreover, the effect of shortening the clotting 
time is clearly one of a raised plasma fibrinogen level. 

Plasma fibrinogen levels are known to show wide fluctuations (19). 
Recently in studies on the relation of erythrocyte sedimentation rates and 
fibrinogen concentrations Rapoport and Guest (20) have indicated that this 
protein may influence the apparent prothrombin levels. The marked lower- 
ing of the plasma fibrinogen levels occasioned by salicylate feeding as noted 
by these authors may tend to explain the apparent hypoprothrombinemia 
resulting after feeding of this drug, as reported by Link et al. (21) and 
Field (22). Such a decrease in plasma fibrinogen would tend to lengthen 
the clotting time of saline dilutions of plasma even though the prothrombin 
levels remained unchanged. The greater tolerance of dicoumarol by preg- 
nant and lactating rats over normal animals, as reported by Field, Overman, 
and Baumann (23), may likewise be related to the known rise in plasma 
fibrinogen occurring during such conditions (19). The hyperprothrombi- 
nemia resulting from administration of vitamin K, as reported by Field and 
Link (24) and by Richards and Shapiro (25), may likewise be a fibrinogen 
effect. The failure of Quick (26) to substantiate these findings appears t0 
be due to differences in assay method. However, the statement by Rich- 
ards and Shapiro (25) “that only by the use of diluted plasma is it possible 
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to detect the hyperprothrombinemia” will not hold if the dilution is carried 
out with saline as used by these authors. An increased plasma fibrinogen 
level will affect the assay by making it possible to observe the clot more 
readily and earlier in the higher saline dilutions. However, a constant 
fibrinogen level and an increased amount of prothrombin likewise could 
account for such an effect. We are at present investigating such effects by 
the simultaneous use of saline and fibrinogen dilution techniques accom- 
panied by fibrinogen assays. 

It can readily be seen that by use of fibrinogen solutions the clotting 
times of plasma are lowered in the higher dilutions and that the assay range 
ean be extended to far more dilute plasmas. Pohle and Stewart (27) have 
previously made use of a fibrinogen solution in studying the clotting times of 
various plasma dilutions by the one stage technique. They experienced 
little difference in the clotting times of 0.5 per cent fibrinogen dilutions of 
plasma as contrasted with saline dilutions. They did not, however, study 
plasma diluted beyond 10 per cent. 

Quick (28) has commented on the limitations of using the saline dilution 
technique in prothrombin determinations. The use of fibrinogen rather 
than Al(OH);-adsorbed plasma as a plasma diluent, as used by Quick 
(29, 14), would appear more desirable for several reasons. Use of pro- 
thrombin-free plasma as a diluent changes the ratios of all other postulated 
clotting components to the enzyme being assayed in every dilution. More- 
over, Al(OH); is not necessarily a specific prothrombin adsorbent and may 
serve to modify greatly other plasma constituents. The use of a fibrinogen 
solution circumvents these difficulties. 


SUMMARY 


The one stage prothrombin assay has been modified by the use of fibrin- 
ogen as a diluent of the plasma. This method tends to circumvent the 
effect of variations in the fibrinogen content of plasma and make this assay 
more specific for prothrombin. Moreover, the assay range can be extended 
tomuch higher dilutions of plasma than is experienced with saline dilutions. 
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TOXICITY OF TYROSINE IN PYRIDOXINE-DEFICIENT RATS 
Sirs: 

In 1941, Martin et al.! demonstrated the effect of dopa in increasing blood 
pressure of dogs rendered hypertensive by the perinephritic technique. 
Reports were made on the hypertension in rats fed diets containing 5 and 
10 per cent J-tyrosine? and subsequently on the increased toxicity of 
Ltyrosine in the riboflavin-deficient rats.* 

The involvement of pyridoxine and pyridoxal‘ in tyrosine decarboxylase 
mechanisms in bacteria suggested the possibility that a pyridoxine de- 
ficiency in the rat would decrease the toxicity of l-tyrosine. Experiments 
designed to test this possibility involved the use of 5 per cent tyrosine 
diets? rendered pyridoxine-deficient by omitting this factor from the 
synthetic diet. Twenty rats were placed on each diet. The pyridoxine- 
deficient rats receiving 5 per cent l/-tyrosine at the end of a 5 month test 
period were all living and had an average weight 20 per cent in excess of the 
average weight of the surviving 50 per cent of the series of rats receiving 
pyridoxine and /-tyrosine. At 6 months, when the experiment was ter- 
minated, 100 per cent of the animals receiving pyridoxine were dead; 100 
per cent of the pyridoxine-deficient rats were alive. Results with control 
animals receiving no tyrosine indicated pyridoxine synthesis in these rats; 
| per cent sulfasuxidine added to the diet caused 100 per cent deaths in 2 
months; without the sulfonamide 100 per cent of the animals were alive at 
6 months. 

The importance of this observation lies in its possible application to 
certain types of hypertension in the human being. 


Research Laboratories Gustav J. MarTIN 
The National Drug Company 
Philadelphia 


Received for publication, September 27, 1946 





‘Martin, G. J., Ichniowski, C. T., Wisansky, W. A., and Ansbacher, 8., Am. J. 
Physiol., 186, 66 (1942). 

*Martin, G. J., Arch. Biochem., 1, 397 (1943). 
— G. J., Abstracts, American Chemical Society, 105th meeting, Cleveland 

*Gunsalus, I. C., and Bellamy, W. D., J. Biol. Chem., 155, 357 (1944). Bellamy, 
W.D., and Gunsalus, I. C., J. Bact., 48, 191 (1944) ; 50, 95 (1945). 


389 





























A NEW METABOLITE OF NICOTINAMIDE 


Sirs: 


N'-Methylnicotinamide is the major known derivative of nicotinamide 
exereted in urine; yet only 10 to 30 per cent of ingested nicotinamide can be 
accounted for in thisform. This low excretion, as well as the poor correla- 
tion between excretion and the total nicotinamide intake, can most readily 
be explained by the further metabolism in the body of N'-methylnico- 


_ tinamide.' 


Areaction by which N'-methylnicotinamide can be further metabolized 
was found during the search for a physiological function of the quinine- 
oxidizing enzyme.2 The only physiological compounds found to be 
oxidized by this enzyme were those related to nicotinic acid. N'-Methyl- 
nicotinamide was the most rapidly oxidized, and reacted at a rate easily 
sufficient to account for its disappearance in the body. From the nature 
of the reaction catalyzed by this enzyme, the product of the oxidation was 
assumed to be the corresponding pyridone. 

This pyridone has now been isolated from large scale oxidation of N'- 
methylnicotinamide by the purified quinine-oxidizing enzyme of rabbit 
liver. Its ultraviolet absorption is intense, with maxima at 260 and 
290 my. This property allows direct assay of solutions containing as little 
asl y per ml. The compound can be isolated by adsorption on Lloyd’s 


_ reagent, followed by extraction into isobutanol. 











By the same procedure the compound has also been isolated from human 
wine in amounts of about 100 mg. per day following daily doses of 600 to 
90 mg. of nicotinamide. Its melting point is 212-215°, and the mixed 
melting point with the enzymically prepared compound, 212-213.5°. The 
absorption curves of the compounds from both sources are identical. 

The analysis is consistent with the formula for one of the pyridones of 
N'methylnicotinamide. 


CyHsN:02. Calculated. C 55.24, H 5.31, N 18.42 
Found. ** 55.15, “* 5.31, ** 18.45 


_ By conversion to the corresponding acid (m.p. 235-237° uncorrected’) and 


the methyl ester (m.p. 137°, uncorrected‘) and by comparison with the 


'Perlaweig, W. A., and Huff, J. W., J. Biol. Chem., 161, 417 (1945). Ellinger, P., 
and Coulson, R. A., Biochem. J., 38, 265 (1944). Denko, C. W., Grundy, W. E., 
Porter, J. W., Berryman, G. H., Friedemann, T. E., and Youmans, J. B., Arch. 
Biochem., 10, 33 (1946). 

*Knox, W. E., J. Biol. Chem., 163, 699 (1946). 

* von Pechmann, H., and Welsh, W., Ber. chem. Ges., 17, 2384 (1884). 

‘Meyer, H., Monatsh. Chem., 26, 1311 (1905). 
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synthetic acid, the metabolite has been identified as the 6-pyridone 
(N'-methyl-6-pyridone-3-carboxylamide), the formula of which is given. 


0 
VA 
Cc 
ri’ ae 
NH; 
DN 
o | 

CH; 


From the amount actually isolated from urine despite losses, it would 
appear that this pyridone is excreted in an amount at least comparable to 
that of N'-methylnicotinamide. 

Enzyme Laboratory, Department of Medicine W. Evucene Knox 
College of Physicians and Surgeons Wruu1aM I. Grossman 


Columbia University 
New York 
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STREPTOMYCIN AND DESOXYRIBONUCLEASE IN THE 
STUDY OF VARIATIONS IN THE PROPERTIES OF 
A BACTERIAL VIRUS 


Sirs: 

T: bacteriophage, reproduced in E. coli B grown in a lactate medium,! 
contained 37 per cent of desoxyribose nucleic acid (DNA) and 3.7 per cent 
P2 Ultraviolet irradiation of T, disrupted the limiting membrane of the 
particle and liberated non-sedimentable DNA into solution.’ Although 
most of the DNA is organized within the virus, 30 per cent of the total 
DNA appears to be organized at the surface of T,-F. 

Streptomycin contains the diguanido base, streptidine. It has been 
found that streptomycin combines with nucleic acids to produce polymeric 


Stability of Ts 














Per cent of initial virus activity 
Virus preparation 
0 hr. ihr. 2 hrs. 5 hrs. 6 brs. 
aa cd tied weed se teeakelel 100 75 56 28 22 
T,-F after DNase................ 100 87 79 59 52 
ee 100 94 79 68 49 





compounds whose size depended on the combining ratios of the bivalent 
base to multivalent nucleates.‘ At some ratios lattice formation continued 
until precipitates formed. Similar compounds were produced with T;-F. 

Streptomycin nucleates and complexes of virus and streptomycin 
were dissociated in M NaCl, as were thymus nucleohistone and nucleo- 
protamines,® which contain many guanido groups. 

The high viscosity of T; concentrated by differential centrifugation was 
specifically reduced by desoxyribonuclease (DNase) and not by ribo- 
nuclease, trypsin, or lysozyme. DNase did not reduce the activity of the 
virus. After DNase digestion, 30 per cent of the previously sedimentable 
DNA of T:-F was separable from the virus by high speed centrifugation. 
The DNase-treated virus was not precipitable by streptomycin. 


1 Virus produced by parasitizing EZ. coli in lactate medium (F) or nutrient broth 
will be termed T.-F or T:-N respectively. 
? Cohen, 8. 8., and Anderson, T. F., J. Exp. Med., in press. 
* Anderson, T.F., J. Cell. and Comp. Physiol., 25, 1 (1945). 
‘I am indebted to Dr. P. Gyérgy of this University for suggesting this possibility. 
5 Cohen, 8. 8., J. Biol. Chem., 158, 255 (1945). 
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Concentrates of T;-N had a low viscosity and were not precipitated by 
streptomycin. The DNase activity of broth lysates containing T,-N 
was high. DNase was not found in lactate lysates. 

Purified T:-F was much less stable at 37° in 0.025 m veronal buffer at 
pH 7.2 than purified T,-N. Treatment of T.-F with 0.0001 per cent 
DNase for 2 hours at pH 7.2 in veronal buffer made T,-F as stable ag 
T.-N (see the table). 

Thus T:-F has an outer layer of DNA removable by DNase. On the 
other hand, T,-N appeared to have been degraded already by DNase 
appearing under the conditions of growth in the host in a specific environ- 
ment. Variations in that environment produced variations in the chemical 
composition, surface structure, stability, sensitivity to streptomycin, and 
viscosity of T, bacteriophage. The differences in size and stability of T, 
grown in broth and synthetic media described by Hook et al.6 and Taylor’ 
are also probably due to the DNase effects described above. It is not 
unlikely that the in vitro reactivity of streptomycin with nucleic acid is 
related to the in vivo activity of this antibiotic. 


Children’s Hospital of Philadelphia Seymour S. Conen 
Department of Pediatrics 
School of Medicine 
University of Pennsylvania 
Philadelphia 
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* Hook, A. E., Beard, D., Taylor, A. R., Sharp, D. G., and Beard, J. W., J. Biol. 
Chem., 165, 241 (1946). 
7 Taylor, A. R., J. Biol. Chem., 165, 271 (1946). 
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BIOLOGICAL PRECURSORS OF URIC ACID CARBON* 
Sirs: 

The biological precursors of uric acid carbon have been studied by 
administering compounds labeled with C™ to pigeons. Uric acid was 
isolated from the excreta, purified, and degraded with alkaline MnO, to 
CO,, urea, and glyoxylic acid. From the work of Fischer and Ach,’ it 


would appear that the CO, is derived from carbon 6 of uric acid, urea carbon 
from carbons 2 and 8, and the aldehyde and carboxy! carbons of glyoxylic 























C® concentration, atoms per cent excess 
Precursor Rate given Labeled Uric acid carbon No. Respira- 

2 8 4 5 6 

ma per hr. 

eee 0.75 | 8.13 | 0.00 | 0.00 | 0.07¢| 0.00¢| 0.25 | 0.28 
CH,COOH............. 1.00 | 5.82 | 2.02 | 2.10 | 0.07 | 0.00 | 0.22 | 0.26 
CH,CHOHCOOH....... 0.50 | 8.80 | 0.00 | 0.00 | 0.37 | 0.00 | 0.26 | 0.25 
CH,CHOHCOOH....... 0.50 | 5.40 | 0.10 | 0.10 | 0.07 | 0.14 | 0.09 | 0.11 
NH,CH,COOH......... 0.50 | 5.20 | 0.00 | 0.00 | 1.16 | 0.14 | 0.11 | 0.13 




















* Indicates carbon atoms labeled with C®. 

t Calculated from isotopic analysis of the glyoxylic acid semicarbazone. The 
assumption is made that the distribution of isotope in these two positions is identical 
to the distribution in the experiment with carboxy] acetate. 


acid from carbons 4 and 5 respectively. The CO, was recovered as BaCQO;, 
urea was converted to CO, by urease, and glyoxylic acid isolated as the 
semicarbazone. This semicarbazone was degraded by acid permanganate 
into 2CO, and HCOOH, the latter coming from the aldehyde carbon of 
glyoxylic acid. By reaction of another aliquot of urie acid with KCIOs, 
urea containing carbon 8 was obtained. The other product of this reaction, 
alloxan, was converted by HS to insoluble crystalline alloxantin, which was 
subsequently oxidized by PbO, to CO, and to urea which contained 
carbon 2. 

The administration of the isotopic compounds listed in the table led to 
the formation of uric acid containing C™ in the positions noted. The C™ 
concentration of respiratory CQO, is also reported. In a supplementary 


* Aided by a grant from the American Cancer Society. 
' Fischer, E., and Ach, F. R., Ber. chem. Ges., 32, 2745 (1899). 


395 





396 LETTERS TO THE EDITORS 


experiment it was found that the carboxyl carbon of acetate was not a 
direct precursor of urea carbon in the rat. 

From the data presented, the following conclusions have been drawn, 
(1) CO, is the precursor of carbon atom 6 of uric acid. Its incorporation 
into this position is not readily explained by known CO assimilation 
reactions. (2) The carboxyl carbon of acetate is the precursor of carbons 2 
and 8 of uric acid, thus demonstrating a new path of metabolism of acetate, 
(3) The high concentration of C“ in carbon atom 4 after the administration 
of carboxyl-labeled glycine indicates that glycine or a metabolic derivative 
is probably the precursor of carbon atom 4 of uric acid. (4) Carbon 
atom 4 may be derived from the carboxy! group of either lactate or glycine 
and carbon 5 from the a- (or 8-) carbon of lactate. It is thought, therefore, 
that lactate may be converted to glycine or a metabolic derivative of glycine 
by reactions comparable to the conversion of serine to glycine.2 This 
suggests that carbon 5 of uric acid is derived from the a-carbon of glycine, 
(5) Glycine and acetate are not interconvertible in the metabolism of the 
pigeon. (6) The difference in the precursors of urea carbon in the rat and 
the ureide carbons of uric acid in the pigeon indicates that these two | 
structurally similar groups have different metabolic origins. 


Department of Physiological Chemistry Joun C. SonNE 
School of Medicine Joun M. BucHaNANn 
University of Pennsylvania ADELAIDE M. DELLUVA 
Philadelphia ) 
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2 Shemin, D., J. Biol. Chem., 162, 297 (1946). 

















